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SUMMARY 


Severe  foundation  seepage  problems  led  to  the  necessity  of  a 
permanent  solution  at  Wolf  Creek  Dan  after  an  emergency  grouting  program 
was  completed  in  1972. 

A  board  of  consultants  was  convened  whose  adopted  recommendations 
were  to  install  pile  type  oonorete  walls  through  the  embankment  of  the 
dam  and  the  area  between  the  switchyard  and  the  tailrace. 

Because  the  general  nature  of  this  work  was  relatively  unknown  to 
District  personnel ,  and  the  extent  of  the  specific  scope  of  work  was 
extreme  even  for  experienced  slurry  wall  contractors,  a  two-step  bidding 
procedure  was  established  and  eventually  awarded  to  ICOS  Corporation  of 
America.  The  construction  was  split  into  two  phases,  with  approximately 
half  of  the  embankment  wall  and  all  of  the  switchyard  wall  in  Phase  I, 
and  the  remainder  of  the  embankment  wall  in  Phase  11.  ICOS  was  also  the 
low  bidder  for  Phase  II. 

The  walls  were  comprised  of  26-inoh  steel  cased,  tremie  concreted 
caissons  on  4.5  foot  centers  connected  by  concrete  elements  tremied 
through  open  excavation.  All  excavation  was  conducted  through  a  full 
head  of  bentonite  stabilizing  slurry.  The  wall  reached  a  maximum  depth 
of  278  feet. 

The  diaphragm  wall  construction  was  accomplished  from  1975  through 
1979,  and  site  restoration  completed  in  1980,  under  the  administration 
of  the  Nashville  District,  Corps  of  Engineers. 

Both  Phase  I  and  Phase  II  contracts  are  covered  in  this  report, 
with  the  Phase  II  report  detailing  only  the  changes  in  the  contract  and 
construction  procedures  from  Phase  I. 


WOLF  CREEK  DAM  REMEDIAL  CONSTRUCTION 
CONCRETE  DIAPHRAGM  WALL-PHASE  I 
COMPLETION  REPORT 


SECTION  1  -  INTRODUCTION 

1-01  Purpose  and  Scope.  This  report  is  presented  to  give  a  general 
discussion  of  the  subject  contract.  It  contains  background  and 
foundation  information,  details  of  the  contract,  general  description  of 
construction  procedures,  and  discusses  problems  encountered. 

1-02  General .  High  piezometric  pressures  developed  in  the  earthen 
embankment  at  Wolf  Creek  Dam  during  the  years  following  impoundment  of 
the  reservoir.  The  pressures,  probably  caused  by  an  inferiorly 
constructed  cutoff  trench  which  was  established  in  a  highly  solutioned 
limestone  formation,  caused  piping  of  embankment  and/or  joint  fill 
material.  The  first  visual  evidence  of  foundation  distress  which  was 
construed  to  be  of  significance  was  noted  in  1967  when  a  cluster  of  wet 
areas  began  to  materialize  at  the  downstream  toe  of  the  embankment  and 
adjacent  flood  plain.  Observation  of  muddy  flows  in  the  tailrace  and 
the  occurrence  of  sinkholes  took  place  during  the  next  8  months.  A 
review  of  original  construction  records  revealed  that  a  series  of  large 
solution  channels  existed  upstream  and  downstream  of  the  cutoff  trench. 
It  also  revealed  that  there  were  areas  where  proper  compaction  could  not 
have  been  achieved  due  to  overhanging  rock.  Orientation  of  mapped 
features  tended  to  align  themselves  with  the  distressed  areas.  It  was 
also  determined  that  rapid  fluctuations  of  tailwater  of  up  to  20  feet 
was  a  contributing  factor  in  the  deterioration  of  the  dam  due  to 
headward  erosion  and  pressure  surging  of  cavernous  areas.  After 
expeditious  exploration,  a  remedial  grouting  program  was  designed  and 
initiated.  Over  290,000  cubic  feet  of  solids  were  eventually  placed  in 
bedrock,  the  overburden  and  the  embankment.  The  grouting  substantially 
lowered  the  hydrostatic  head  and  arrested  much  of  the  piping.  It  has 
been  postulated  that  this  emergency  treatment  probably  saved  the  project 
from  experiencing  a  major  failure. 

The  grouting,  although  effective,  was  not  considered  a  permanent 
solution  to  the  problem.  Extensive  studies  and  investigations  were 
undertaken  at  the  completion  of  the  remedial  grouting  program  to  monitor 
the  performance  of  the  embankment,  and  to  determine  what  measures  should 
be  taken  to  insure  the  integrity  of  the  foundation  of  the  dam.  A  board 
of  consultants  of  internationally  distinguished  engineers  and  geologists 
from  outside  the  Corps  of  Engineers,  was  convened  in  January,  1972.  The 
three  man  board  was  composed  of  Mr.  Francis  B.  Slichter,  Civil  Engineer; 
Dr.  Ralph  B.  Peck,  Civil  Engineer;  and  the  late  Dr.  Frank  A.  Nickell, 
Geologist.  In  July  1973,  Mr  George  E.  Bertram  was  retained  as  a 
consultant  to  review  all  data  and  submit  an  independent  report.  The 
board  later  expanded  to  include  engineers  Professor  Ben  C.  Gerwick, 
Professor  James  M.  Duncan,  and  Dr.  Yves  Pigeon  and  geologist  Mr.  Guy 
Laroque  in  1974,  and  geologist  Mr.  John  M.  Kellberg  in  1976.  The 
original  consultants’  conclusions  and  recommendations  were  submitted  in 
a  report  dated  August  1972.  The  conclusions  stated  that  serious  defeots 
existed  in  the  foundation,  that  grouting  could  not  be  considered  an 
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adequate  permanent  remedy  for  these  defects,  and  that  measures  should  be 
taken  to  insure  the  integrity  of  the  foundation  of  the  embankment.  They 
recommended  a  positive  cutoff  in  the  karstic  horizon  of  the  Leipers 
formation  be  installed,  beginning  at  the  concrete  structure,  and 
extending  about  2,000  feet  landward.  They  also  recommended  suitable 
measures  to  protect  the  switchyard  area  from  the  20-foot  fluctuation  of 
the  powerhouse  tailwater.  An  evaluation  of  known  possible  permanent 
solutions  to  the  foundation  problem  at  Wolf  Creek  Dam  indicated  that  the 
most  economical  and  reliable  engineering  solution  was  a  concrete  cutoff 
wall  composed  of  pile-type  elements  along  the  upstream  embankment  crest. 
The  wall  would  extend  from  the  top  of  the  dam  to  the  base  of  all  known 
solution  activity.  A  similar  cutoff  wall  was  devised  to  protect  the 
downstream  toe  of  the  embankment  and  the  switchyard  area.  The  more 
established  industry-wide  procedure  of  panel  wall  construction  was 
rejected  for  safety  considerations.  An  expedited  two-step  bidding 
procedure  (see  section  3-01)  was  initiated  with  ICOS  of  America,  Inc., 
obtaining  the  contract  with  their  diaphragm  wall  concept.  Construction 
began  in  August  of  1975. 

1-03  Authorization  and  Appropriation.  Original  design  and 
construction  of  the  Wolf  Creek  project  was  authorized  by  the  Flood 
Control  Act  of  1938  (Public  Law  no.  761,  75th  Congress,  3rd  Session) 
and  the  River  and  Harbor  Act  of  1946,  (Public  Law  525,  79th  Congress, 

2nd  Session).  The  concrete  diaphragm  wall  construction  was  financed 
through  general  construction  funds,  first  appropriation  26  April,  1974, 
appropriation  code  21X3113,  Flood  Control,  General. 

1-04  Project  Location  and  Description.  Wolf  Creek  Dam  is  located 
in  Russell  County  in  South-Central  Kentucky  on  the  Cumberland  River, 
460.9  miles  above  its  confluence  with  the  Ohio  River.  The  damsite  is 
approximately  10  miles  southwest  of  Jamestown,  Kentucky,  and  about  12 
miles  north  of  Albany,  Kentucky,  on  U.S.  Route  127.  The  dam  and 
reservoir  locations  are  shown  on  plate  1 . 

The  dam  is  a  combination  concrete  gravity  and  rolled-fill  earth 
embankment  structure  5,736  feet  in  length  and  with  a  maximum  height  of 
258  feet.  The  concrete  section  of  the  dam  is  1,796  feet  in  length  and 
is  made  up  of  a  gated  spillway  section,  a  power  intake  section  serving 
six  power  units,  a  short  left  bank  nonoverflow  section,  and  a  right 
nonoverflow  section  embedded  in  the  embankment.  The  embankment  is 
homogeneous  rolled  fill  3,940  feet  in  length.  Net  head  during  power 
generation  averages  170  feet.  The  total  capacity  of  the  reservoir  below 
top  of  power  pool  is  3,995,000  acre-feet  and  below  spillway  crest 
6,000,089  acre-feet,  making  the  reservoir  the  largest  man  made  lake  east 
of  the  Mississippi  River. 

Construction  of  the  dam  began  in  August  of  1941  and  was 
discontinued  in  August  of  1943  in  the  interest  of  World  War  II. 
Construction  was  resumed  in  September,  1946  and  was  completed  in  August, 
1951. 


1-05  References  and  Related  Material.  Background  for  this  report 
and  other  information  concerning  the  history  of  Wolf  Creek  Dam  can  be 
found  in  material  listed  in  "References  and  Related  Reading". 
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SECTION  2 


FOUNDATION 


2-01  Site  Geology.  The  Cumberland  valley  ia  a  broad,  deep 
entrenchment  cut  in  nearly  level  argillaceous  or  ahaly  limestones  and 
shales  approximately  500  feet  below  the  surrounding  ridge  tops.  These 
beds  dip  upstream  approximately  30  feet  per  mile.  The  formations 
related  to  the  construction  of  the  dam  are,  in  ascending  order,  the 
Catheys,  Leipers,  and  Cumberland  of  Ordovician  age,  the  Chattanooga  of 
Devonian  age,  and  the  Ft.  Payne  of  Mississippian  age.  See  Figure  2-1 
for  generalized  geologic  section.  These  formations  are  described  below. 

The  120  feet  of  the  argillaceous  limestones  and  thin  interbeds  of 
calcareous  shales  of  the  Catheys  Formation  are  very  similar  to  those  of 
the  overlying  Leipers  Formation.  In  fact,  separation  of  these  two 
formations  without  the  aid  of  fossils  is  so  difficult  that  they  were 
grouped  together  for  the  geologic  studies.  Both  the  Catheys  and  the 
Leipers  that  form  the  valley  floor  are  quite  susceptible  to  solutioning 
by  groundwater,  particularly  along  the  joints  or  fractures  that  act  as 
paths  for  the  groundwater  movement. 

Overlying  the  110  foot  thickness  of  the  Leipers  Formation  is  the 
sandy  to  argillaceous  limestone  of  the  Cumberland  Formation.  Although 
the  thickness  of  this  limestone  is  variable,  it  has  a  maximum  thickness 
of  41  feet  in  the  dam  area  and  occurs  in  the  right  abutment  between 
elevations  630  and  655. 

Above  the  Cumberland  Formation  in  ascending  order  are  the 
Chattanooga  and  Fort  Payne  Formations.  In  the  right  abutment  the 
Chattanooga  shale  occurs  between  elevation  655  and  689  and  averages  34 
feet  in  thickness.  The  shale  is  typically  black,  hard  and  carbonaceous 
with  occasional  nodules  of  iron  sulphide.  The  Fort  Payne  consists  of 
argillaceous  limestone  and  dark  carbonaceous  shale.  In  the  right 
abutment  the  Fort  Payne  generally  occurs  above  elevation  689  and  has  a 
minimum  thickness  of  70  feet. 

The  alluvial  overburden  materials  of  the  valley  bottom,  ranging 
from  2  feet  up  to  40  feet  in  thickness,  consist  of  stratified  silts, 
clays,  and  sand,  with  minor  amounts  of  gravel. 

In  general,  the  bedrock-overburden  contact  is  well  defined,  and  the 
bedrock  ia  free  from  faulting  and  severe  folding  (there  is  gentle 
warping  of  the  bedrock  throughout  the  area).  Although  structurally 
insignificant,  as  far  as  geology  is  concerned,  the  jointing  did  control 
the  direction  of  leakage  through  the  bedrock.  Major  joint  trends  are 
regional  rather  than  local,  and  the  predominant  sets  of  joints  run 
parallel  and  normal  to  the  axis  of  the  dam.  Solutioning  of  the  bedrock 
is  more  prevalent  where  regional  jointing  is  augmented  by  local  minor 
jointing  which  was  possibly  caused  buy  the  slight  local  variations  in 
direction  and  degree  of  the  dip  of  the  beds.  The  areas  having  the  most 
intensive  solutioning  correspond  roughly  to  the  areas  having  the  most 
variation  in  degree  and  orientation  of  jointing. 

Numerous  solution  channels,  caves,  and  small  tunnels  were  uncovered 
during  the  excavation  of  the  cutoff  trenoh.  Most  of  these  rock  channels 
and  caves  had  a  marked  parallelism  of  their  walls  which  trended  in  one 
of  two  directions  nearly  parallel  to  or  normal  to  the  dam  axis,  clearly 
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indicating  that  they  were  a  result  of  solutioning  along  the  joint 
planes.  Although  there  were  several  unfilled  "small  tunnels caves 
were  generally  filled  with  stratified  clayey  silt.  The  fill  is  not 
impervious  and  is  subject  to  removal  by  desilting  under  seepage 
gradients.  The  solutioning  was  predominately  confined  to  the  rock  above 
elevation  525,  and  there  was  little  evidence  of  solutioning  below 
elevation  500. 

For  an  excellent  treatise  on  the  evolution  of  the  geology  of  the 
area,  see  Reference  4, "Geology  of  the  Cumberland  River  Basin  and  the 
Wolf  Creek  Damsite,  Kentucky". 


2-02  Bmbankment  Design.  The  embankment  section  of  Wolf  Creek  Dam 
was  designed  as  a  homogenous  rolled-fill  embankment  3,940  feet  in  length 
extending  from  the  concrete  section  at  station  35+11L  to  the  right 
abutment  at  station  74+51L. 

The  foundation  of  the  embankment  generally  was  the  stratified 
alluvial  overburden  overlying  solutioned  limestone  bedrock.  This 
overburden  consisted  of  a  top  impervious  layer  averaging  20  feet  in 
thickness  and  overlying  a  more  pervious  layer  averaging  20  feet  also. 
Both  overlie  more  pervious  layers  of  silty  sand  and  sands  and  gravels 
extending  to  top  of  rock.  The  overburden  was  excavated  to  top  of  rock 
in  areas  adjacent  to  the  concrete  section  and  along  the  cutoff  trench. 

In  the  remainder  of  the  embankment  foundation  area,  the  overburden  was 
stripped  to  a  depth  of  approximately  one  foot  except  where  soft  organic 
soil  was  encountered  and  removed.  A  two  foot  thick  sand  and  gravel 
blanket  to  facilitate  drainage  from  embankment  drain  holes  and  to  aid 
consolidation  is  located  between  stations  40+00L  and  60+00L.  The  degree 
of  solutioning  of  the  limestone  bedrock  varies  considerably  from  deep 
cavernous  solutioning  to  shallow  solution  channels  along  top  of  rock, 
and  was  generally  limited  in  extent. 

An  impervious  fill  cutoff  trench  with  a  minimum  10-foot  wide  bottom 
extends  from  the  right  abutment  at  embankment  station  74+30L  to  station 
72+49L  following  the  centerline  of  the  embankment.  The  trench  then 
curves  upstream  and  continues  approximately  parallel  to  the  embankment 
centerline.  At  approximately  station  39+00L  the  trench  curves  to  tie  in 
with  the  concrete  dam.  A  single  line  grout  curtain  was  installed, 
usually  to  a  depth  of  50  feet,  generally  on  10-foot  centers,  below  the 
cutoff  trench  bottom. 

2-03  Investigations  Prior  to  Concrete  Diaphragm  Wall  Construction. 
Drill  crews  were  mobilized  after  the  first  sink  hole  developed  in  the 
wet  areas  below  the  dam  in  August,  1967.  Six  drive  samples  and  three 
auger  borings  were  made  in  the  area.  Among  other  findings,  it  was  noted 
that  water  stood  at  the  surface  of  the  sample  holes. 

Divers  were  brought  to  the  site  to  investigate  the  muddy  flow 
observed  in  the  tailrace  in  October,  1967.  Three  openings  in  the  rock 
were  found  from  whioh  muddy  water  was  flowing. 

After  a  second  sinkhole  was  discovered  near  the  switchyard  on  13 
March,  1968,  the  District  ordered  a  study  of  the  foundation  design  to 
include  an  analysis  of  joint  pattern  orientation  in  order  to  correlate 
the  sinkhole  with  the  mud  in  the  tailrace.  Split  spoon  drive  sampling 


was  initiated  on  the  following  day.  The  information  collected  indicated 
that  the  seepage  was  occurring  around  the  masonry  section  through  or 
immediately  above  the  foundation  bedrock.  Piezometers  were  installed 
and  core  drills  were  brought  in  to  sample  the  rock  within  the  sinkholes. 

A  solution  channel  was  discovered!  connecting  the  sinkholes  with  the 
tailrace.  Dye  testing  revealed  a  seepage  in  the  solution  channel  of  0.3 
feet  per  second. 

Temperature  testing  was  initiated  which  showed  a  lower  than  normal 
thermal  condition,  indicating  a  direct  connection  with  the  cooler  water 
of  the  lower  levels  of  the  reservoir.  Piezometric  contours  revealed 
steep  gradients  from  the  sink  area  to  the  centerline  of  the  embankment. 

A  third  sinkhole  was  discovered  on  22  April,  1968. 

In  the  period  following  the  report  of  the  first  sinkhole,  all 
previously  collected  information,  along  with  that  being  rapidly 
developed  from  the  expedited  field  work,  was  continuously  being  studied 
and  evaluated.  By  1  April,  1968,  it  was  generally  concluded  that 
seepage  was  passing  either  under  or  through  the  cut-off  trench  or  both, 
then  down  through  a  solution  system  in  bedrock  which  drained  toward  the 
tailrace  and  under  the  sinkhole  area. 

A  study  of  the  original  construction  techniques  used  showed  a 
deficient  cutoff  trench  in  both  size  and  compaction.  The  subadequate 
trench,  along  with  probable  holes  in  the  grout  curtain,  allowed 
reservoir  water  to  move  through  caves  and  solution  channels  of  the 
foundation  rock,  eroding  or  piping  the  filling  material  out  of  the 
cavities.  The  presence  of  these  openings  together  with  normal 
embankment  seepage  caused  portions  of  the  earth  embankment  to  be  piped 
away.  Movement  of  materials  from  the  downstream  side  sIbo  resulted  from 
the  fluctuations  in  the  tailwater  level.  Rapid  changes  of  approximately 
20  feet  in  the  tailwater  were  caused  by  the  generating  operations.  As  a 
consequence,  a  flushing  or  surging  action  of  the  tailwater  resulted  in 
headward  erosion  of  materials  in  the  solution  channels. 

In  January,  1973,  subsurface  exploration  was  initiated  along  the 
axis  of  the  embankment  to  determine  conditions  along  the  potential 
alignment  of  the  diaphragm  wall.  These  explorations  include  core 
borings  on  3.12  foot  centers  from  stations  37+50L  to  58+OOL.  and  thence 
on  6.25  foot  centers  landward.  The  holes  were  cored  in  rock  to  well 
below  all  karstic  formations  to  approximately  elevation  475.  In  the 
switchyard,  the  rock  along  the  proposed  wall  was  also  explored,  here  to 
approximately  elevation  500.  Solution  features  in  the  rock  formations 
were  well  mapped  in  this  phase.  Also  discovered  were  areas  of  very  soft 
overburden  near  top  of  rock.  These  were  designated  as  "soft  zones”. 

Various  geophysical  logging  devices  were  used  in  this  phase  of 
exploration,  some  of  which  were  SP-  resistivity,  natural  gamma,  caliper, 
temperature,  short  and  long  normal  resistivity ,. lateral ,  televiewer,  3-D 
velocity,  acoustic,  and  directional. 

For  a  detailed  study  of  the  events  and  investigations  leading  up  to 
the  actual  construction  of  the  concrete  diaphragm  wall,  including 
graphic  representations  of  the  various  tests  made,  cross  sections 
derived  from  core  samples,  and  maps  depicting  locations  of  subsurface 
phenomena,  test  sites,  instrumentation,  etc.,  see  References  5  and  10, 
"Analysis  and  Evaluation  of  Safety  of  Earth  Embankment",  and 
"Remedial  Treatment  Exploration,  Wolf  Creek  Dam,  Ky." 
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2-04  Investigations  During  Construction .  Due  to  the  nature 
of  this  project,  most  of  the  Quality  Control  and  Quality  Assurance  dealt 
with  foundation  investigations.  Therefore,  this  topic  will  be  discussed 
under  the  more  suitable  subheading  "Construction". 


SECTION  3  -  CONTRACT 

3-01  Two  Step  Bidding.  Since  concrete  diaphragm  wall  construction 
was  relatively  unknown  in  the  U.S.  in  1974,  and  due  to  the  depth 
needed  and  possible  hazards  associated  with  working  with  full  reservoir 
head  in  solutioned  limestone,  the  Corps  did  not  feel  competent  to 
assemble  an  original  design.  The  two  step  bidding  approach  was  chosen 
for  the  project,  requiring  an  approved  original  technical  proposal 
before  formal  bidding  would  be  allowed. 

A  request  for  technical  proposals  from  the  construction  industry 
was  issued  by  the  Corps  of  Engineers  in  May  of  1974.  This  was  the  first 
of  a  two-step  formal  advertising  procedure  which  eventually  resulted  in 
the  concrete  diaphragm  wall  construction.  This  two-step  procedure  was 
selected  to  survey  and  evaluate  different  construction  firms’  methods 
and  techniques  prior  to  the  actual  bidding.  Evaluation  by  the  Corps  of 
Engineers  and  the  Board  of  Consultants  determined  the  acceptability  of 
the  construction  firms’  meeting  the  requirements  set  forth  in  the 
request  for  the  technical  proposals.  Technical  proposals  were  received 
from  seven  construction  companies.  During  the  Board  of  Consultants 
meeting  of  3  and  4  December  1974,  it  was  agreed  to  reject  five  of  the 
technical  proposals  and  to  request  clarifying  information  from  the  two 
remaining  firms.  Late  in  March  1975,  the  firms  of  ICOS  Corporation  of 
America  of  New  York,  New  York  and  ECI-Soletanche  of  Pittsburgh, 
Pennsylvania  were  notified  of  the  acceptance  of  their  proposals.  The 
two  acceptable  contractors  were  invited  to  proceed  under  step  two  and 
submit  bids  for  the  construction  of  the  diaphragm  wall. 


3-02  Plans  and  Specifications.  Plans  and  specifications,  contract 
number  DACW  62-75-B-0036 ,  were  prepared  for  each  accepted  technical 
proposal,  under  the  direction  of  the  District  Engineer,  Nashville 
District,  and  are  on  file  at  the  office  of  the  District  Engineer. 


3-03  Award.  The  Phase  I  contract  was  awarded  to  ICOS  Corporation 
of  America  on  27  June,  1975.  The  original  contract  amount  was 
$49,959,900.00  and  had  a  completion  date  of  24  April,  1978. 
ECI-Soletanche  turned  in  a  bid  of  $69,940,500.00.  (The  government 
estimate  was  $40,400,000.00,  without  profit.)  The  Notice  to  Proceed  on 
Contract  No.  DACW62-75-C-0206  was  Bigned  by  ICOS  on  8  August,  1975. 
Mobilization  to  the  site  began  immediately. 


3-04  Modifications .  21  modifications  were  written  during  the 

course  of  the  contract.  They  resulted  in  an  overall  increase  in 
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$106,040.48  and  107  calendar  days  to  the  contract  amount.  The 
modifications  are  listed  in  Table  3-1. 


Mod. No.  Date 


TABLE  3-1 

CONTRACT  MODIFICATIONS 

Change  to 

Description _  Contract 


P00001 

30 

Mar. 1976 

Revised  the  alignment  of  the 
concrete  diaphragm  wall 

None 

P00002 

01 

Jun. 1976 

Modified  the  core  storage  ware¬ 
housing  and  racks  by  adding 
core  storage  racks,  a  work 
table  and  lights. 

Added 

$8,237.87 

P00003 

26 

Oct. 1976 

Extended  the  contract  completion 
date  due  to  strikes. 

18  cal.  days 

P00004 

12 

Oct. 1976 

Extended  the  contract  due  to 
labor  disputes  at  the  casing 
fabricator’s  plant. 

9  cal .  days 

P00006 

22 

Oct. 1976 

Authorized  tests  to  be  performed 
on  the  sheet  pile  wall  anchors  at 
the  working  platform  to  analyze 
the  actual  stresses  developed  in 
the  anchor  bars. 

Added 

$26,400.00 

P00006 

21 

Dec. 1976 
* 

Constructed  an  8-ft.  high  chain 
link  security  fence  around  the 
perimeter  of  the  working  platform. 

Added 
$21 , 100.00 

P00007 

14 

Apr. 1977 

Credit  for  use  of  nondomestic 
steel  pipe  for  permanent  casing. 
Waver  obtained  from  Secretary  of 
Army  from  Buy  American  Act.  ICOS 
inadvertently  purchased  nondomes¬ 
tic  steel  pipe  to  be  used  as  per¬ 
manent  casing. 

Credit  of 
$282,000.00 

P00008 

24 

Apr. 1977 

Extended  contract  completion  date 
due  to  abnormal  weather. 

18  cal. days 

P00009 

02 

Jun. 1977 

Widen  the  existing  powerhouse  and 
Resident  Engineer’s  roadways. 

Added 

$24,836.00 

P00010 

13 

Aug. 1977 

Furnish  and  install  a  system  of 
continuous  recording  piezometers 
to  monitor  the  effect  of  drilling 
operations  on  the  water  in  the 
bedrock  cavities. 

Added 

$222,895.65 
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P00011  28  Oct. 1977  Constructed  a  20-ft.  extension  Added 

for  the  existing  core  storage  $23,702.70 

building  and  included  4  addition¬ 
al  core  storage  racks. 

P00012  24  Jan. 1978  Provided  an  8-inch  tremie  pipe  Added 

with  a  fabricated  tremie  hopper  $33,183.12 
for  the  placement  of  tremie  con¬ 
crete  in  the  diaphragm  wall. 

P00013  30  Dec. 1977  Repaired  the  access  roadway  to  Added 

the  Resident  Engineer’s  facili-  $2,500.00 

ties  by  removing  an  existing  18 
inch  culvert  pipe  and  installing 
a  24  inch  culvert  pipe. 

P00014  10  Jan. 1978  Constructed  2  temporary  stair-  Added 

ways  to  provide  access  from  the  $16,543.76 
top  of  the  work  platform  to  the 
upstream  and  downstream  slopes 
of  the  dam. 

P00015  21  Mar. 1978  Accelerated  construction  of  ele-  Added 

ments  S-170,  S-176,  and  S-180.  $25,242.10 

P00016  27  Mar. 1978  Extended  the  completion  date  for  See  descrip- 

removal  of  Phase  X  platform  to  co-  tion. 
incide  with  the  completion  of  Phase 
II.  Released  25%  of  mobilization 
and  demobilization  bid  item  to  be 
upon  substantial  completion,  in¬ 
stead  of  at  the  completion  of 
Phase  I  work. 

P00017  23  May  1978  Permitted  the  contractor  to  use  Decreased 

an  air  lift  drilling  method  in  $75,000,000 

lieu  of  the  direct  circulation 
drilling  originally  specified. 

P00018  12  Jul.1978  Replaced  the  existing  guardrail  Added 

with  new  guardrail,  in  the  Phase  $31,600.00 
I  limits,  to  meet  existing  Ken¬ 
tucky  specifications. 

P00019  21  Jul.1978  Resurfaced  the  No.  2  Dam  Adit  Added 

Road  in  conjunction  with  the  $14,994.78 

work  in  the  switchyard.  &  3  cal.  days 

P00020  02  Aug. 1978  Extended  oontract  completion 

date  due  to  abnormal  weather  52  cal.  days 

and  strikes. 
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P00021  12  Jul.1979 


P00022  Apr. 1981 


Variations  In  Estimated  Quan¬ 
tities  in  the  contraot.  New 
Items  Nos.  31  and  32  were  es¬ 
tablished  and  set  up  lump  sum 
payments  for  an  overrun  in 
test  drilling  and  recovery  of 
fixed  costs  for  items  not  used 

Set  up  Item  No.  33,  a  lump  sum 
payment  to  cover  underruns  in 
Items  13  and  14,  Bedding  and 
Riprap, 


Decreased 

$38,195.50 


Added 

$50,000,000 


3-05  Labor  Relations.  The  contractor  and  subcontractors  met  or 
exceeded  the  minimum  wages  as  determined  by  the  Secretary  of  Labor  in 
the  labor  standards  provisions  for  each  craft  for  RuBsell  County, 
Kentucky. 

ICOS  utilized  union  labor  for  all  contract  work.  There  were 
several  minor  labor  disputes  which  resulted  in  work  stoppages  during  the 
contract  time.  The  strike  of  the  longest  duration,  June  14  through  June 
28,  1976,  was  precipitated  when  several  crafts’  union  contract  expired 
simultaneously  state  wide. 


3-06  Government  Furnished  Property.  No  property  was  furnished  to 
the  contractor  by  the  government  for  this  contract. 


3-07  Safety.  ICOS  Corporation  submitted  their  safety  plan  and  job 
hazard  analysis  during  mobilization.  The  plans  were  reviewed  and 
accepted  by  field  and  fiistrict  Office  personnel.  ICOS  held  weekly  "tool 
box"  safety  meetings  for  field  personnel  and  monthly  supervisors’ 
meetings  for  all  the  supervisory  staff,  including  subcontractors. 

In  March  of  1979  the  Associated  General  Contractors  of  America 
presented  to  ICOS  a  Merit  Award  for  Accident  Prevention  in  the  Heavy 
Construction  Division  and  a  Certificate  of  Commendation  for  over  50,000 
manhours  worked  through  the  year  ending  31  December,  1978  with  no 
disabling  injuries.  The  Resident  Engineer’s  staff  and  ICOS  supervisory 
personnel  worked  diligently  to  establish  and  to  maintain  a  good  safety 
record.  This  effort  yielded  results  as  throughout  the  extended  life  of 
this  contract  the  most  severe  accidents  were  of  the  broken-bone  variety. 
There  were  only  12  lost  time  mishaps  (both  phases  I  and  II)  totalling  92 
working  days  lost,  while  a  total  of  over  1.5  million  man  hours  were 
worked. 


3-08  Subcontractors .  Table  3-2  lists  the  subcontractors  used  by 
ICOS,  and  the  phase  of  work  for  which  they  were  responsible. 
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TABLE  3-2 
SUBCONTRACTORS 


Subcontractor 


Address 


Resnona ibi 1 ity 


John  Bouchard  and  Sons  Co. 

1024  Harrison  St. 
Nashville,  Tn.  37202 

Heating  and 
Plumbing 

Art's  Electric 

411  Holmes  St. 

Frankfort,  Ky.  40601 

Electrical 

Ambrosius  Erecting  Corp. 

P.O.Box  13118 

Louisville,  Ky.  40213 

Construct  welding 
shop 

Metal  Products  Division 

Armco  Steel  Corp. 

P.0.  Box  49525 

Atlanta,  Ga.  30329 

Metal  buildings 

Wehr  Constructors,  Inc. 

2127  South  Floyd  Ave. 
Louisville,  Ky.  40210 

General 

Construction 

C&S  Electric 

S.  Hwy .  127 

Somerset,  Ky. 

Electrical 

maintenance 

Vernon  M.  Williams  and 

Sons  Const.,  Inc. 

1402  Lebanon  Rd. 
Nashville,  Tn.  37210 

Core  storage 
building 

R.  E.  Caddie,  Inc. 

P.0.  Box  300 

Bowling  Green,  Ky.  42101 

Paving  and  stone 

E,  Randle  Co. 

P.0.  Box  396 

Frankfort,  Ky.  40601 

Work  platform 
construction 

Valley  Fence  Co.,  Inc. 

P.O.  Box  10128 
Louisville,  Ky.  40210 

Fencing 

Southern  Fence  and  Land¬ 
scaping,  Inc. 

208  W.  Dishman  Lane 
Bowling  Green,  Ky.  42101 

Fencing 

Drillers/Kentucky  Ltd. 

4635  S.W.  Freeway 

Suite  620 

Houston,  Tx.  77027 

Rock  drilling 

Oeotek  Engineering  Company 

612  West  Iris  Drive 
Nashville,  Tn.  37204 

Core  drilling, 
Annular  space 
grout 

Arthur  C.  Harpring,  Inc. 

988  Swan 

Louisville,  Ky. 

Guardrail 
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Appollo  Erection  Co. 


Nashville,  T n. 


Steel  for  core 
storage  building 


WCW  Electric  Co.,  Inc. 


1207  Whites  Creek  Pike  Electrical 
Nashville,  Tn. 


Lowhorn  Construction  Co.,  Inc.U.S.  Hwy  127  North  General 

Albany,  Ky. 


Harrod-Carter ,  Inc. 


P.0.  Box  794  Concrete 

Frankfort,  Ky.  40601 


SECTION  4  -  CONSTRUCTION 

4-01  General .  The  preconstruction  conference  for  the  contract  was 
held  in  Nashville,  Tennessee  on  5  August,  1975.  Contract  administrative 
policies,  contractor’s  safety  plan,  job  hazard  analysis,  quality  control 
plan,  environmental  control  plan  and  the  labor  standards  program  were 
discussed.  Also,  a  general  discussion  of  the  contract  work  was  held 
there  before  the  conference  closed. 

The  notice  to  proceed  was  signed  on  8  August,  1975,  and 
mobilization  was  immediately  begun.  The  contractor’s  first  operation 
was  the  construction  of  their  shop  and  office  complex  at  the  damsite 
(see  Appendix  A,  Plate  A-2  for  layout).  They  also  began  placing  orders 
for  their  specialty  type  equipment  from  locations  around  the  world. 
Because  of  the  unique  nature  of  this  contract,  much  of  the  equipment  and 
materials  used  were  of  special  order  and  of  ICOS’  own  design. 


4-02  Contractor’s  Organization.  Construction  began  under  the 
general  supervision  of  Mr.  Fernando  Golini  as  project  manager.  Mr.  Al 
Messina  became  the  Project  Manager  in  January,  1976  and  served  in  that 
capacity  until  June  of  that  year  when  he  was  relieved  by  Mr.  Antonio 
Paveglio.  Mr  Golini  became  the  assistant  to  Mr.  Paveglio  and  the  pair 
remained  in  charge  until  the  completion  of  the  contract. 

The  contractor's  employment  force  reached  a  maximum  of  208 
employees  in  June  of  1977  and  averaged  approximately  175  employees 
throughout  the  contract  working  periods.  ICOS  utilized  a  number  of 
"specialists",  company  personnel  from  the  home  office  in  Milan,  Italy, 
or  from  one  of  several  international  offices. 


4-03  Contractors’  Plant  and  Equipment.  ICOS  utilized  several 
pieces  of  specialized  equipment  for  the  contract  work.  These  machines 
were  specially  designed  and  fabricated  by  company  personnel  and/or 
specially  modified  for  use  at  the  Wolf  Creek  project.  The  Casagrande 
casing  driver,  the  Wolf  Creek  rigs  and  the  Hong  Kong  rigs  were  three 
such  types  of  equipment. 

The  Casagrande  casing  driver  was  an  elaborate  hydraulic  jacking 
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system.  A  diesel  engine  actuated  a  hydraulic  system  of  four-  200  ton 
hydraulic  rams.  These  rams  moved  a  casing  holding  mechanism  (actually 
hydraulically  actuated  jaws)  bidirectionally-vertically  and 
rotationally .  This  equipment  was  used  to  advance  and  pull  47  and  41 
inch  temporary  casing  used  in  the  embankment  and  overburden  excavation. 
See  photographs  20  and  21. 

The  Wolf  Creek  rig  was  a  small  track-driven,  highly  maneuverable 
mini-crane  used  to  excavate  the  secondary  elements.  It  operated  with  a 
very  quick  tempo  by  means  of  a  mechanically  activated  (brake  and  dutch) 
two  cable  system  for  clam  bucket  and  chisel  excavation.  See  photographs 
51  and  53. 

The  Hong  Kong  rig  was  a  hydraulic  drill  capable  of  drilling  large 
diameter  holes.  It  was  assembled  by  ICOS  for  a  project  in  Hong  Kong, 
and  required  only  slight  modification  for  use  at  Wolf  Creek.  This  piece 
of  equipment  is  shown  in  photograph  27.  The  subcontractor, 
Drillers/KentuckyLtd . ,  also  utilized  a  similar  drill  for  its  portion  of 
the  contract  (see  phptograph  28). 

Table  4-1  includes  all  the  major  plant  and  equipment  used  during 
the  project  by  ICOS  and  the  major  subcontractors. 

TABLE  4-1 

CONTRACTORS’  PLANT  AND  EQUIPMENT 
ICOS 

2- 100  ton  LinkBelt  cranes 
1-80  ton  LinkBelt  crane 
4-45  ton  LinkBelt  cranes 
1-35  ton  Hydra-crane 
1-18  ton  Hydra-crane 
7-Wolf  Creek  rigs 

3- Load  Lugger  trucks 

1-Flat-bed  truck  with  Pitman  Hydra-lift 
1-680  Case  backhoe 
1-600  CFM  compressor 
1-750  CFM  compressor 

1- 185  CFM  compressor 

2- Generators  -  60kw,  105kw 

4- Light  plants 
l-TD-15  dozer 
1-Fuel  truck 

HARROD-CARTER 

1-Rex  concrete  plant 
1-55  Michigan  loader 

QBOTBCH  ENGINEERING  CO. 

1-Mobile  B-53  drill,  truok  mounted  2-Grout  plants 

1-Pickup  truck 


1- Bentonite  mixing  plant 

2- 6"£lectric  submersible 
pumps 

l-8"Electric  pump 
l-4”Midwhirl  diesel  pump 

4- Desanders  (Shale  shakers 
with  hydrocyclones) 

5- Casing  drivers 
1-10  ton  gantry  crane 
Claw  buckets 
Chisels 

Shop  equipment 
Temporary  casing,  47"dia., 
41  l/4“dia . ,  36”  dia. 
1-Pipe  trailer 
Pickup  trucks 


4-Mack  mixer  trucks 
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DRILLERS /KENTUCKY,  LTD.. 


1-750  CFM  compressor 
1 -Pickup  truck 
1-Shale  shaker 


1-Hughes  820  shaft  drill 
1-Winoh  truck 
1 -Pickup  truck 


E.  RANDLE  CO. 


1-670  Loraine  70  ton  crane 
1-Cat  12F  grader 
1-Koehring  backhoe  (track) 
1-K13  Kobe  diesel  pile  hammer 

1- Cat  D-3  dozer 

2- Cat  977  loaders 
1-Flat  bed  trailer 


1-30B  Buchyrus-Erie  60  ton 
crane 

1-Pitman  hydralift  with 
truck 

1-580  B  Case  backhoe 
1-Cat  D-6  dozer 
1-1  ton  truck 


The  concrete  subcontractor,  Harrod-Carter ,  erected  a  concrete 
batching  plant  which  satisfied  all  aspects  of  the  specifications.  It 
was  located  approximately  one  mile  south  of  the  dam.  The  plant  was  a 
fully  automatic,  low  profile,  Model  40  Rex  Transmix  with  a  special 
pozzolan  handling  and  weighing  system.  The  plant  system  components 
consisted  of  the  following  iteraB  which  were  sized  to  provide  a  batching 
capacity  of  up  to  300  cubic  yards  per  hour.  The  plant  had  sufficient 
storage  capacities  of  each  material  to  batch  out  120  cubic  yards  without 
the  need  for  refilling.  The  aggregate  bins,  automatic  batching  system, 
digital  recording  system,  water,  and  admixture  systems  were  enclosed  in 
a  heated  building  to  insure  production  and  delivery  of  specification 
concrete  in  cold  weather. 

The  aggregate  section  consisted  of  a  250  ton,  CPBM  rated,  3 
compartment  bin.  Each  compartment  had  one  high  level  motorized  paddle 
type  bin  level  signal.  The  aggregate  batcher  had  a  12  cubic  yard 
capacity,  was  CPBM  rated,  with  a  4800  pounds  by  40  pounds  dial  scale 
with  1200  graduations.  The  batcher  had  baffles  to  aid  in  blending.  The 
gate  was  air  operated,  solenoid  controlled,  and  was  factory  programmed 
to  close  in  event  of  a  power  failure.  Dial-a-Width  actuators  were 
installed  on  the  gate  to  allow  the  operator  to  set  the  first  stage  of 
the  automatic  two  stage  opening  at  any  desired  position  remotely  from 
the  control  panel  and  to  vary  the  gate  opening  during  discharge.  The 
bin  charging  system  had  a  30  inch  by  149  inch  radial  stocker  rated  at 
300  tons  per  hour  with  a  10  foot  by  10  foot  hopper  to  be  charged  by 
front  end  loader. 

On  site  aggregate  storage  consisted  of  two  500  ton  concrete  bunkers 
(one  for  sand,  and  one  for  the  3/4"  coarse  aggregate). 

The  concrete  bin  had  a  750  barrel  capacity  and  was  divided  into  two 
compartments.  One  compartment  was  used  to  store  type  I  cement  and  the 
other  for  type  II.  The  batcher  had  a  12  cubic  foot  CPMB  rated  capacity 
with  a  9600  pound  by  7.5  pound  dial  scale  having  1200  graduations.  It  ^ 

included  an  air  operated,  solenoid  controlled  discharge  gate,  inspection  jj 

hatch,  test  overload  drain  spigot,  automatic  discharge  aeration  system 
and  low  noise  vibrator.  Dial-a-Width  actuators  were  installed  on  the 
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gate  to  allow  the  operator  to  set  the  first  stage  of  the  autonatio  two 
stage  gate  opening  to  any  desired  position  remotely  from  the  oentral 
panel  and  to  vary  the  gate  opening  during  discharge. 

The  fly  ash  batching  system  was  a  Perry  Todd  Fly  Ash  Pneumatic 
Batch.  It  had  a  360  barrel  storage  bin  and  a  20  cubic  foot  pressurized 
batch  hopper  which  pneumatically  transferred  the  material  to  a  batcher 
mounted  on  a  scale  frame  in  the  cement  batch  module.  It  had  a  dial 
scale  with  2400  pounds  by  2  pounds  (1200  graduations). 

The  batching  plant  conveyor  belt  was  30  inches  wide  by  45  feet  long 
with  a  20  horsepower  motor  and  shaft  mounted  reducer  sized  for  350  feet 
per  minute  belt  speed.  A  combination  aggregate  and  oement  collecting 
hopper  which  also  had  a  water  ring  around  its  perimeter  and  separate 
boots  for  cement  and  aggregate  was  mounted  at  the  head  end  for  changing 
mixer  trucks. 

The  water  for  mixing  and  washing  purposes  was  pumped  from  a  well 
located  beneath  the  batch  plant  building  by  a  submersible  pump  into  a 
15,000  gallon  storage  tank.  The  water  was  metered  by  a  3  inch  Badger 
turbine  type  water  meter  with  and  electric  impulse  generator  to  provide 
one  digital  readout  per  gallon.  It  had  a  capacity  of  300  gallons  per 
minute . 

The  air  system  consisted  of  separate  high  and  low  pressure 
subsystems.  The  low  air  pressure  system  consisted  of  a  high  volume  (125 
CFM)  low  pressure  Roots  type  blower.  The  high  pressure  system  consisted 
of  a  10  horsepower,  two  stage,  constant  running  compressor  with  built-in 
constant  pressure  by-pass  system. 

The  batching  control  panel  was  a  Rex  Model  214  MDPunch  Card  control 
panel  with  a  capability  of  weighing  cement,  fly  ash  and  three 
aggregates.  It  had  batch  size  selector  weights,  metered  water  control 
with  digital  readout  in  gallons,  slump  adjust  control,  Rex  IMC  moisture 
meter,  moisture  compensator  (adds  sand,  deducts  water),  weighing 
sequence  for  visual  check  of  batching  process,  and  complete  electrical 
interlocks  for  automatic  batching  system. 

A  digital  recorder  recorded  the  following  information  on  a  ticket: 

Time 

Date 

Year 

Batch  Count 
Formula  No. 

Truck  No. 

Weight  of  each  aggregate  (Accumulative) 

Weight  of  Cement 
Weight  of  Fly  Ash 
Vol.  of  Water 

Vol.  of  Two  Admixes  (A.E.A.  and  Pozzolith 

Concrete  materials,  mix  design,  plaoing  procedures,  and  problems 
will  be  discussed  later  in  the  report. 


4-04  B.P.A.  Restrictions  and  Disposal  Areas.  The  contractor's 
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submittal  for  waste  disposal  was  approved  upon  the  securing  of  a 
construction  permit  for  his  bentonite  treatment  plant  from  the  Kentucky 
Department  for  Natural  Resources  and  Environmental  Protection. 

The  waste  (used  bentonite  fluid)  was  carried  from  the  work  platform 
by  a  system  of  pipes  to  the  bentonite  treatment  plant  looated  just 
downstream  of  the  powerhouse  road.  Here  a  10%  solution  of  aluminum 
sulfate  was  added  to  the  waste  slurry  just  prior  to  its  reaching  the 
first  of  three  settling  tanks.  With  the  addition  of  this  coagulant,  the 
solid  particles  from  the  excavation  process  and  the  bentonite  separated, 
leaving  the  water  to  pass  through  the  two  additional  settling  tanks 
before  flowing  into  a  drainage  ditch.  A  flow  monitoring  meter  (Stevens 
Model  61R)  with  a  continuous  recorder  was  installed  in  the  flume  to  gage 
the  effluent  quantity. 

The  sludge  was  removed  from  the  settling  tanks  by  pumping  it  into 
mixer  trucks,  hauled  to  the  concrete  plant  where  sufficient  cement  was 
added  to  it  to  achieve  a  minimum  of  25  psi  unconfined  compressive 
strength.  The  heavier  or  partially  set  sludge  was  periodically  removed 
by  backhoe,  and  mixed  with  solid  material  from  excavation  in  the 
disposal  area.  The  treated  sludge  was  held  in  trenches  within  the 
confines  of  the  designated  spoil  area  in  the  pine  forest  immediately 
downstream  of  the  dam.  Once  set,  the  wasted  sludge  was  covered  with 
solid  material  from  the  diaphragm  wall  excavation. 

In  compliance  with  other  E.P.A.  and  Corps  of  Engineers  Regulations, 
the  contractor  utilized  both  a  water  truck  and  a  chemical  additive  to 
control  dust  around  their  work  shops  and  on  the  haul  roads.  An  oil 
absorbent  was  immediately  applied  to  any  oil  spillage  throughout  the 
contractor’s  work  area.  The  project's  layout  and  temporary  construction 
facilities  were  well  planned  and  managed  by  both  the  government  and  the 
contractor,  thus  making  compliance  with  E.P.A.  regulations  fundamental 
and  easily  obtainable. 

4-05  Diaphragm  Wall  Construction  Procedures. 

4-05.1  General ■  The  contract  called  for  the  construction  of 
two  positive  cutoff  curtains  comprised  of  small  interlocking  elements 
created  from  slurry  wall  excavation/tremie  concrete  method,  one  through 
the  embankment  along  the  centerline  of  the  dam,  and  the  other  between 
the  tailrace  and  the  switchyard.  (For  location  see  Appendix  A,  Plate 
A-3).  Both  walls  extend  well  into  bedrock  beneath  the  embankment  to 
predetermined  depths.  The  embankment  wall  along  the  axis  was  tied  into 
the  concrete  of  the  dam  while  the  switchyard  wall  was  tied  into  the 
concrete  of  the  powerhouse.  The  embankment  wall  was  offset  in  the 
embedded  tailtower  area  a  maximum  16.9  feet  upstream  to  avoid  that 
structure.  Restrictions  were  placed  on  the  size  of  the  area  permitted 
to  be  opened  at  one  time,  thus  limiting  the  contractor  to  excavating  a 
single  hole  within  a  given  reach  along  the  alignment  of  the  curtain. 

4-05.2  Work  Platform.  For  the  embankment  wall,  the  crest  width 
of  the  dam  had  to  be  widened  to  accommodate  the  detour  of  U.S.  Highway 
127  whioh  crosses  the  dam,  and  to  provide  working  space  for  the 
contractors’  equipment.  The  width  was  increased  from  the  original  33 
feet  to  a  maximum  150  feet  utilizing  sheet  piling  and  gravel  backfill. 
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The  piling  were  driven  into  the  dam  embankment  and  tied  back  to  a  buried 
concrete  anchor  wall.  Approximately  92,000  cubic  yards  of  limestone 
gravel  was  hauled  from  local  quarries  to  provide  backfill.  The  surface 
was  paved  with  concrete  in  areas  of  high  density  heavy  equipment 
operations  and  with  asphalt  in  the  remaining  areas  to  facilitate  the 
general  construction  functions.  U.S.  Highway  127  was  detoured  around 
the  work  area  on  the  upstream  side  of  the  platform  and  restricted  to  one 
lane  passage  which  was  controlled  by  automatic  traffic  signals.  Surface 
runoff  was  contained  in  half-round  metal  trenches  running  parallel  with 
the  axis  and  carried  off  by  a  drainage  system  piping  away  from  the  dam 
embankment.  {See  Appendix  A,  Plate  A-2  for  layout  of  work  platform  and 
photograph  5  for  drainage.) 

4-05.3  Guidewalls ■  Two  parallel  4  foot  by  7  foot  steel 
reinforced  concrete  guidewalls  were  constructed  as  templates  for  wall 
alignment.  They  also  served  to  contain  an  excess  of  slurry  and  to  keep 
the  tops  of  the  excavations  from  sloughing  back.  Details  of  the  wall 
can  be  found  in  Appendix  A.  Also  see  photographs6 ,  7,  and  8. 

4-05.4  Layout .  See  Appendix  A,  Plates  A-5,  A-7 ,  A-12  and  A-13 
for  the  orientation  of  the  sequencing  and  dimensions  of  the  interlocking 
elements.  Surveyed  monumentation  for  primary  elements  were  placed  in 
each  guidewall  on  4.5  foot  longitudinal  spacing,  allowing  the  center  of 
each  to  be  found  by  using  only  a  straight  edge  and  rule.  Secondary 
elements  are  the  wall  segments  constructed  between  two  consecutive 
primary  elements.  The  elements  were  numbered  in  sequence  beginning  with 
P-101,  S-102,  ...  from  the  tie-in  with  the  concrete  portion  of  the  dam, 
toward  the  right  abutment  and  in  the  switchyard  SP-101,  SS-102,  ...  from 
the  tie-in  with  the  powerhouse. 

4-05.5  Element  Installation  Procedures. 

4-05.5.1  General .  Procedural  order  of  primary  element 
construction  was:  overburden  excavation,  rock  excavation,  core  drilling, 
permanent  casing  installation,  and  tremie  concrete.  Procedural  order  of 
secondary  element  construction  was:  Overburden  excavation,  rock 
excavation,  and  tremie  concrete.  All  phases  of  work  were  under  strict 
quality  control  and  assurance  programs,  especially  with  regard  to  the 
safety  of  the  embankment,  with  continuous  monitoring  of  excavation 
rates,  monitoring  Blurry  levels  and  control  of  slurry  properties, 
logging  and  testing  excavated  materials,  monitoring  the  various  types 
of  instrumentation,  and  adhering  to  verticality  requirements.  Refer  to 
figures  4-1  through  4-3  while  following  the  construction  sequences 
outlined  below. 


4-05.5.2  _  Investigations  at  i  Controls  PurlM 
Construction .  The  concrete  diaphragm  wall  was  composed  of  two  types  of 
elements  which  interlocked  to  form  the  continuous  structure.  The 
elements  were  designated  as  primaries  and  secondaries.  Two  phases  of 
investigation  were  conducted  by  oonstruotion  personnel  on  all  primaries 
and  one  on  all  secondaries.  The  first  phase  entailed  constant 
monitoring  of  excavated  materials,  and  bentonite  slurry  (drilling  mud) 
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analysis.  The  slurry  level  in  the  excavations  were  periodically  checked 
for  leakage  detection  and  the  fluid  was  periodically  tested  for  density, 
sand  content,  and  pH,  for  safety  and  stability  of  the  excavated  element 
walls.  The  second  phase  of  investigation,  concerning  primary  elements 
only,  called  for  a  core  boring  with  pressure  testing  and  pressure 
grouting  to  a  specified  elevation  below  the  bottom  of  the  elements  to 
insure  that  the  completed  wall  segment  was  founded  in  sound  bedrock.  In 
addition,  Foundations  and  Materials  Branch,  Nashville  District, 
monitored  piezometric,  inclinometer,  and  monumentation  data  with 
continuing  excavation. 

In  materials  monitoring  of  primary  elements,  not  only  were  the 
excavated  fill  and  overburden  visually  identified  and  logged,  but 
samples  were  taken  initially  on  ten  foot  centers  and  submitted  for 
analysis.  Once  the  overburden  and  fill  characteristics  were  well 
mapped,  samples  were  taken  usually  on  observed  change  of  material  and  at 
top  of  rock  only.  In  areas  of  soft  zones,  samples  were  taken  every  five 
feet  of  excavation.  The  material  encountered  in  these  zones,  although 
of  a  less  compact  nature  than  elsewhere,  posed  no  problems  for 
construction.  Material  excavated  by  the  rock  drill  was  continually 
monitored  by  geologists  since  this  was  critical  to  the  founding 
elevation.  All  solution  related  features  -  weathered  limestone,  clay, 
and  grout  -  were  noted  and  properly  logged.  Five  primaries  and  two 
secondaries  were  deepened  below  contract  depths  due  to  observation  of 
solution  feature  material  during  rock  drilling  operations  or  cleaning  of 
bottom  after  rock  drilling.  See  Construction  section  of  this  report, 
and  Appendix  A, Contract  Drawings,  Plate  A-5,  for  details. 

Slurry  levels  were  difficult  to  monitor  constantly  during 
overburden  excavation  in  the  primary  elements  due  to  casing  height, 
rapid  advancement  of  the  hole,  and  removal  of  slurry  in  the  clam 
buckets,  levels  were  taken  periodically  during  this  phase  of  operations 
however,  and  serious  losses  would  have  been  detected  had  they  occurred. 
Levels  were  taken  with  accuracy  during  idle  construction  periods.  Some 
minor  loss  of  fluid  was  observed  as  the  excavation  proceeded  at  depths 
at  and  below  sandy  alluvial  zones  below  the  gravel  filter  blanket.  Mud 
tests  were  taken  on  an  average  of  four  per  shift  per  element  and 
consisted  of  density,  pH,  viscosity  (marsh  funnel)  and  sand  content.  No 
problems  were  encountered  with  the  fluid  in  the  primary  overburden 
excavations. 

Slurry  levels  were  also  taken  in  all  secondary  excavations.  During 
idle  periods  it  was  observed  that  secondaries  lost  more  fluid  on  the 
average  than  primaries,  although  no  losses  were  considered  serious. 
However,  all  holes  which  were  observed  to  be  losing  fluid  were  monitored 
constantly  and  closely.  The  prime  cause  of  fluid  loss  in  the  secondary 
elements  was  due  to  the  high  pH  of  the  fluid  resulting  from  contact  with 
cement  in  an  annular  space  grout  holding  surrounding  primary  casings  in 
place.  The  high  pH  caused  the  bentonite  to  flocculate,  robbing  it  of 
its  pore  sealing  capabilities.  The  probable  reason  that  no  holes 
exhibited  serious  leakage  is  that  the  Bandy  alluvial  layer,  in  which 
leakage  should  occur  with  flocculated  slurry,  had  already  been  saturated 
and  sealed  by  fluid  from  surrounding  primaries.  The  high 
concentration  of  suspended  material  inherent  with  secondary  excavation 
procedures  also  acted  to  block  leakage  pathways. 
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Mud  testing  of  secondaries  was  also  performed  initially  at  the  rate 
of  several  per  shift.  As  indicated  above ,  high  pH's  and  densities  were 
always  observed.  The  densities  increased  proportionally  with  depth  with 
high  readings  near  eighty  PCF.  Seventy  two  PCF  was  set  as  a  maximum 
density,  and  as  this  reading  was  exceeded,  the  contractor  was  directed 
to  reduce  the  density  to  the  specified  limit.  Readings  at  various 
depths  were  taken  with  a  depth  messenger  sampler.  The  pH  was  invariably 
over  11,  and  the  sand  content  (composed  mainly  of  annular  space  grout 
particles)  averaged  10  to  20  percent. 

During  rock  drilling  operations,  mud  levels,  believed  to  be  a 
critical  observation,  were  considerably  easier  to  monitor.  A  constant, 
reverse  circulation  system  kept  most  of  the  fluid  within  a  closed 
system,  and  a  low  constant  casing  height  facilitated  observation. 
Correlation  needed  to  be  maintained  only  with  negligent  spillage  and 
increasing  hole  depth.  No  elements  of  the  embankment  wall  were  observed 
to  lose  a  serious  quantity  of  fluid;  however,  any  minor  loss  was 
immediately  closely  monitored  and  several  holes  were  treated  with 
micatex  to  stop  0.1  to  0.3  foot  per  hour  losses.  Never  used,  but 
available  if  necessary,  was  a  quantity  of  premixed  bentonite  slurry  of 
greater  density  and  viscosity  than  normally  used,  ready  to  be  pumped 
into  the  excavation.  In  the  switchyard  wall,  several  holes  were 
observed  to  lose  substantial  fluid,  but  it  was  determined  that  the  loss 
was  through  intersecting  drains  and  out  weep  holes  in  the  tailrace 
retaining  wall. 

Mud  testing  of  slurry  during  rock  drilling  operations  was 
identical  with  procedures  used  during  overburden  excavation  except  tests 
were  run  every  5  feet. 

An  item  of  investigation,  and  also  part  of  the  contract  was  the 
test  coring  below  each  primary  element.  Each  primary,  after  determining 
that  the  last  ten  feet  drilled  appeared  sound,  was  further  explored  by 
drilling  NQ  diamond  core  holes  to  specified  depths.  All  core  was  logged 
by  geologists.  All  core  was  found  to  be  of  an  unweathered  nature  and 
subsequently  no  elements  were  required  to  be  deepened  because  of  the 
coring  program.  All  holes  were  pressure  tested  and  pressure  grouted, 
regardless  of  pressure  test  results. 

Also,  an  item  both  of  investigation  and  contract  requirement  was 
the  coring  of  concrete  in  specified  completed  elements.  This  item  will 
be  covered  in  depth  in  following  sections  of  this  report. 

4-05.5.3  Primary  Element  Construction  Sequence. 

4-05.5.3.1  Embankment  and  Overburden.  The 
contractor  used  a  53  inch  diameter  toothed  clamshell  operated  from  a  45 
ton  Link  Belt  crane  to  open  the  primary  elements.  An  open  hole  was 
advanced  to  between  72  and  80  feet,  approximately  reservoir  elevation, 
before  the  addition  of  the  bentonite  slurry.  Verticality  of  this  first 
stage  uncased  hole  was  maintained  by  the  technical  specialist  by  using 
a  marked  straight  edge  extended  across  the  opposing  survey  marks  in 
the  guidewalls  in  relationship  with  the  supporting  cable  of  the  crane. 

If  holes  deviated  from  plumb  in  this  upper  section,  the  specialist 
directed  the  buoket  be  forced  to  the  side  and  used  it  to  shave  the  hole 
back  to  vertical.  A  weak  slurry  of  specific  gravity  1.02  to  1.05  was 
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now  added  and  was  maintained  at  or  near  the  top  for  the  remainder  of  the 
exoavation  process. 

After  the  slurry  was  added ,  47  inoh  outer  diameter  steel  temporary 
casing  of  approximately  one  inoh  wall  thickness  was  installed  and  a 
casing  driver  mounted.  The  contractor  used  flush  jointed, 
slot-in-groove  casing,  being  much  more  manageable  than  threaded  casing 
at  thiB  size.  The  casing  driver  pushed,  twisted,  pulled  and  dropped  the 
casing  through  the  embankment  while  smaller  clam  shells  were  utilized 
for  excavation.  Funnel  shaped  guides  were  installed  in  the  top  of  the 
casing  to  facilitate  the  insertion  of  the  clamshell.  The  47  inch  casing 
string  was  advanced  to  approximately  142  feet  where  another  string  of 
41.25  inch  outer  diameter,  with  approximately  one  inch  wall  thickness, 
flush  joint  casing,  was  telescoped  through  the  larger.  The  smaller 
string  was  advanced  in  the  same  manner  of  excavation  to  top  of  rock. 

The  base  of  the  casing  was  of  a  saw  tooth  design,  and  when  rock  was 
encountered  the  casing  was  rotated  and  pushed  in  an  attempt  to  obtain  a 
rock/overburden  seal,  since  it  was  felt  that  this  area  was  critical  as  a 
possible  failure  or  blow-out  zone.  Although  this  method  was  used  for 
the  entire  project,  after  several  observations  of  outside  versus  inside 
slurry  levels  and  the  lack  of  penetration  of  the  casing  into  the  rock, 
it  was  decided  that  there  was  not  a  very  effective  seal  obtained.  This 
was  probably  due  to  the  hardness  of  the  crystalline  limestone  and  mortar 
grout  encountered,  and  the  crudeness  of  the  saw-tooth  "bit". 

Excavated  material  was  dumped  from  the  clams  into  skip  pans 
situated  near  the  elements.  Load  lugger  trucks  were  used  to  transport 
the  spoil  to  the  disposal  areas. 

Verticality  tests  were  run  periodically  throughout  the  excavation 
to  maintain  less  than  the  maximum  6  inches  deviation  from  vertical  in 
any  direction  at  any  depth.  See  section  4-05.5.3.5  for  procedures  used 
for  testing.  Jar  samples  of  the  embankment  and  alluvial  material  were 
taken  at  intervals  throughout  the  excavation  process  and  were  sent  to 
the  District  laboratory  for  classification.  Bentonite  slurry  levels  and 
tests  for  density,  pH,  viscosity,  and  sand  content  were  taken  by  both 
Q.A.  and  Q.C.  at  specified  intervals  and  adjusted  if  necessary  for 
specification  tolerances. 

For  pay  purposes,  both  contractor  and  government  representatives 
signed  top  of  rock  forms  agreeing  to  the  depth  to  the  nearest  tenth  of  a 
foot.  Before  proceeding  with  rock  excavation,  the  rock  surface  was 
cleaned  with  a  smooth  jawed  clam  bucket  and  the  slurry  level  monitored 
for  a  minimum  of  4  hours. 

4-05.5.3.2  Bedrock  Excavation.  Bedrock  excavation 
for  the  primary  elements  in  the  embankment  wall  other  than  the  tie-in 
section  was  accomplished  by  a  Hughes  820  shaft  drill,  platform  mounted, 
using  36  inch  diameter  roller  rock  bits.  Drillers/Kentucky  Limited, 
the  subcontractor,  used  the  reverse  circulation  method  of  fluid  control. 
This  method  gave  greater  efficiency  in  removing  cuttings  while  allowing 
the  boring  to  be  advanced  with  a  minimum  of  hydrostatic  pressure  on  the 
bottom  of  the  hole.  Drilling  usually  progressed  at  a  very  slow  rate  in 
attempt  to  maintain  verticality  tolerances.  Even  so,  many  shifts  of 
reaming  time  were  required  to  oorrect  verticality  discrepancies.  The 
tie-in  section  and  the  switchyard  wall  was  drilled  by  ICOS  using  their 


Hong  Kong  Drill.  It  utilized  procedures  similar  to  the  Hughes  drill, 
including  reverse  air  circulation. 

The  air  assisted  drilling  method  (reverse  circulation)  was 
permitted  under  modification  17  to  the  contract  and  resulted  in  a 
$75,000  savings  to  the  government.  The  original  contract  disallowed  the 
use  of  compressed  air  or  blasting  in  excavation  of  the  elements  of  the 
wall.  After  several  discussions  with  District  and  Division  personnel, 
the  Board  of  Consultants,  and  the  contractor,  a  fail-safe  method  of  air 
assisted  drilling  was  agreed  upon.  Compressed  air,  controlled  by 
adjustable  check  valves,  was  forced  down  the  annular  space  of  double 
wall  drill  rods.  The  annulus  was  blocked  by  steel  plates  50  feet  above 
the  bit  and  the  air  fed  through  holes  in  the  inner  wall  above  the  plate. 
With  circulation  attained  the  cuttings  were  air  lifted  to  a  shale  shaker 
and  sand  separators  (hydrocyclones)  and  the  fluid  gravity  fed  back  into 
the  hole. 

Five  primaries  and  two  secondaries  were  deepened  below  contract 
specifications  due  to  observation  of  solution  feature  material  in  rock 
drill  excavation  to  insure  the  10  foot  minimum  in  sound  rock.  P-351  was 
deepened  from  212.5  to  218.0  after  observing  clay  in  cuttings  from  211 
to  211.4  feet.  P-261  was  deepened  from  212.5  to  215.0  after  observing 
clay  and  weathered  limestone  from  212.0  to  213.5.  (Presumably  the  10 
foot  minimum  was  ignored  in  this  case  as  the  two  adjacent  primaries  had 
been  completed  with  no  evidence  of  solutioning  disallowing  the 
practicality  of  deepening  the  intervening  secondaries.)  After  rock  drill 
operations  had  been  completed  on  P-239  the  clam  bucket  cleaning  the 
bottom  for  start  of  core  drill  operations  recovered  a  piece  of  bedrock 
of  boulder  size  which  showed  a  weathered  bedding  plane.  Subsequently, 
the  hole  was  deepened  from  217.5  to  227.5  feet.  It  was  also  decided  to 
deepen  the  adjacent  2  holes  on  both  sides  to  227.5  ( S-238 , S-240 , P-241 , 
and  P-237).  No  indications  of  weathering  was  found  in  any  of  the  other 
holes . 


4-05.5.3.3  Core  Drilling.  Pressure  Testing,  and 
Grouting .  Upon  completion  of  the  rock  excavation,  core  drilling  and 
pressure  testing  was  performed  to  further  determine  if  the  base  of  the 
wall  was  in  sound  rock.  The  depth  of  the  borings  was  either  25  or  40 
feet  below  grade,  depending  upon  the  final  grade  of  the  wall  and  the 
depth  to  the  Leipers  formation.  All  core  was  logged  by  government 
geologists.  The  core  was  photographed  with  both  color  slide  and  print 
film  and  was  put  in  permanent  storage  in  the  core  shed  built  on  site 
under  contract  specifications.  Core  logs  and  photographs  were 
included  in  the  permanent  log  file  record  for  each  element. 

The  core  drill  subcontractor,  Geotek  Engineering  Co.  of  Nashville, 
Tennessee,  utilized  a  truck  mounted  Mobile  B-53  drill  using  NQ  wireline 
tools.  The  driller  centered  the  drill  over  each  element  and  set  NQ 
casing  4  to  6  inches  in  rock.  Water  was  UBed  exclusively  for  drilling 
fluid.  No  hole  had  to  be  deepened  from  findings  in  core  evaluation. 
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Figure  4- 


1*  Primary  Element  Construction  Sequence 


Figure  4-la. 

53-inch  diameter  uncased  excavation  to 
approximately  76  feet. 


Figure  4-lb. 

1.  Position  hydraulic  casing  driver. 

2.  Insert  47-inch  diameter  temporary  casing  80  feet  long. 

3.  Check  verticality. 

4.  Add  bentonite  slurry  and  maintain  near  top  of  ground  the 
remainder  of  excavation. 
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Figure  4-1.  Primary  Element  Construction  Sequence,  Continued. 


Figure  4-lc. 

1.  Excavate  to  approximately 
140  feet  while  simultaneously 
driving  47— inch  casing. 

2.  Check  vertical ity. 

3.  Telescope  41.25-inch  casing 
through  47— inch  casing  and 
continue  excavating  to  top  of 
rock  while  driving  41.25-inch 
casing. 


Figure  4-ld. 

1.  Drill  hole  to  required  elevation. 

2.  Check  verticality. 
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Figure  4-1.  Primary  Element  Construction  Sequence,  Continued. 


Figure  4-le. 

1.  Perform  exploratory  core  drilling,  pressure  testing  and  grouting 

2.  Install  26-inch  diameter  permanent  casing. 

3.  Take  final  verticality. 

4.  Place  annular  space  grout  and  pull  temporary  casings. 

5.  Tremie  concrete  to  complete  element. 


A  single  packer  was  used  for  pressure  testing,  set  usually  at  10  to 
12  foot  intervals  from  the  bottom  of  the  hole  upward.  A  gauge  pressure 
of  50  psi  was  held  for  5  or  10  minutes  for  each  increment  and  the  take 
recorded  in  cubic  feet  per  minute. 

Regardless  of  the  pressure  test  results,  each  hole  was  pressure 
grouted.  The  packer  was  set  at  the  top  of  the  NQ  hole  and  a  gauge 
pressure  of  20  psi  was  maintained.  As  specified,  the  contractor  pumped 
3  to  1  by  volume  water  to  cement  neat  cement  grout  for  a  minimum  of  20 
minutes.  After  that  time  refusal  was  set  at  0.25  cubic  feet  per  minute. 
After  refusal,  the  thin  grout  was  displaced  with  a  backfill  mixture  of  1 
to  1  by  volume  neat  grout. 

The  grouting  under  this  contract  resulted  in  an  overall  average  of 
0.065  bags  per  foot  drilled,  including  the  backfill.  0.065  minus  0.033 
sacks  per  foot  of  backfill  minus  0.014  sacks  per  foot  of  3:1  grout 
washed  from  the  hole  equal  0.018  sacks  per  foot  take  in  rock  (actually 
somewhat  less  than  this  since  an  excess  of  1:1  was  pumped  to  ensure  a 
full  hole).  The  maximum  grout  take  for  a  single  hole  was  9  bags. 

4-05.5.3.4  Permanent  Casing  Installation.  The 
contractor  once  again  cleaned  the  bottom  of  the  element  with  a  smooth 
clamshell  after  core  drilling,  this  time  to  remove  drill  cuttings  and 
excess  grout  in  preparation  for  permanent  casing  installation.  The 
casing  used  was  26  inch  outer  diameter,  25.3  inch  inner  diameter,  steel, 
tapered  to  22  inches  at  the  closed  lower  end.  An  80  foot  section  was 
initially  lowered  into  the  hole,  aided  by  an  11  ton  ballast  and  water  to 
overcome  buoyancy.  Displaced  slurry  was  allowed  to  flow  laterally 
between  the  guidewalls,  and  if  there  was  an  excess,  it  was  drained 
through  the  series  of  drain  pipes  to  the  settling  pond  at  the  base  of 
the  dam.  The  second,  third,  and  when  needed,  fourth  sections  of  the 
casing  were  individually  held  in  place  by  the  100  ton  utility  crane  and 
an  alignment  collar  set  on  the  top  of  the  preceding  joint.  Brackets 
were  welded  at  the  third  points  around  each  casing  and  hydraulic  jacks 
were  set  to  align  the  casings.  Alignment  was  assured  by  inserting  a  26 
inch  plumb  bob  into  the  first  section  of  casing.  When  the  casings  were 
properly  aligned,  certified  welders  would  then  tack  weld  the  joints 
through  small  openings  in  the  alignment  collar.  Upon  removal  of  this 
collar,  the  joint  was  then  welded  solid. 

The  final  verticality  test  was  taken  when  the  welding  was  complete 
and  the  26  inch  casing  was  resting  on  the  bottom.  Adjustments  were 
frequently  made  to  slightly  reposition  the  casing  to  obtain  the  greatest 
vertical  accuracy.  The  final  verticality  was  recorded  and  included  in 
the  folio  of  information  kept  on  each  element. 

The  final  stage  of  the  permanent  casing  installation  was  the 
injection  of  grout  to  hold  the  casing  in  place  awaiting  concrete 
placement  and  secondary  element  installation.  With  the  permanent  casing 
wedged  into  place,  the  47  inch  temporary  casing  was  pulled  from  the 
hole.  The  41.25  ijpch  casing  was  pulled  up  6  to  8  feet  and  held  in  place 
with  the  casing  driver.  Two  inch  pipe  was  installed  to  the  bottom  of 
the  hole  by  Geotek  and  the  subcontractor  began  pumping  grout.  The  grout 
used,  called  annular  space  grout  by  the  contractor,  was  a  low  strength 
mix  designed  to  make  the  task  of  excavating  the  secondary  elements  as 
easy  as  possible  and  still  hold  the  permanent  casing  in  place  with  no 
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danger  of  moving  while  placing  concrete  and  during  secondary  excavation. 

Prior  to  the  removal  of  the  41.25  inch  temporary  casing, 
approximately  50%  of  the  annular  space  in  the  element  was  filled  with 
grout.  The  upper  half  of  the  excavation  was  protected  by  the  bentonite 
drilling  fluid  displaced  by  the  bottom  hole  injection  of  the  annular 
space  grout.  At  this  point  all  the  41.25  casing  was  taken  out  of  the 
element.  The  26  inch  casing  was  then  realigned,  and  held  in  position  by 
a  special  bracket  which  was  attached  to  the  inner  edge  of  the  guidewall. 
The  grout  pipe  was  then  placed  back  into  the  element  and  the  remaining 
annulus  was  filled  with  annular  space  grout.  The  grout  was  given 
approximately  two  weeks  to  set  up  before  tremie  concrete  was  placed  in 
the  element.  See  table  4-2  for  mix  design  of  the  annular  space  grout. 


TABLE  4-2 

Mix  Design  for  Annular  Space  Grout 


990  pounds  water . 15.87  cu.ft. 

54.5  pounds  bentonite .  0.34  cu.ft. 

481  pounds  Portland  cement .  2.44  cu.ft. 

369  pounds  fly  ash .  2.28  cu.ft. 

22%  air .  6.03  cu.ft. 


4-05.5.3.5  Verticality  Testing.  The  verticality  of 
the  elements  which  has  been  previously  mentioned  frequently  was  measured 
by  the  contractor  quality  control  section.  They  utilized  the  system  of 
survey  points  set  in  the  concrete  measured  against  a  plum  line  in  the 
hole.  A  plum  bob  was  used  which  weighed  approximately  one  ton,  the 
diameter  of  which  was  compatible  in  size  with  the  different  casings. 

The  plumb  bob  was  made  up  with  a  central  latching  socket  for  positioning 
and  retrieving.  A  3/16  inch  wire  rope  ran  through  a  sheave  which  was 
mounted  on  a  planetary  gear  supported  by  a  steel  tripod.  The  cable  was 
latched  into  the  top  of  the  plumb  bob.  Two  zero  adjusting  line  levels 
were  mounted  horizontally  and  at  90  degrees  to  each  other  on  a  two  piece 
bar  that  could  be  clamped  coaxially  to  the  3/16  inch  cable.  These  two 
levels  of  2  second  sensitivity  were  calibrated  on  a  plumb  cable  prior  to 
use. 

The  plumb  bob  was  lowered  into  a  casing  to  the  desired  location. 

The  cable  was  attached  to  the  plumb  bob  and  tension  was  applied  to 
straighten  the  cable.  Next,  the  bar  containing  the  line  levels  was 
secured  to  the  cable  and  the  cable  was  then  plumbed  by  using  the 
planetary  gear  on  the  tripod.  With  the  line  plumb,  aocurate 
measurements  could  be  taken  from  the  line  to  the  control  points  on  the 
guide  walls.  Thus,  an  accurate  location  of  the  caning  could  be  plotted. 

During  the  embankment  excavation  a  verticality  test  was  performed 
at  every  change  in  diameter  of  temporary  casing.  Supplementary 
verticalities  were  carried  out  as  required.  The  specified  final 
verticality  teats  were  performed  in  the  26  inch  permanent  casing 
at  30  foot  intervals.  The  final  verticalities  were  plotted  and  became 
part  of  the  folio  of  information  permanently  maintained. 


26 


The  36  inch  drill  hole  was  also  tested  for  verticality  while  being 
advanced,  but  by  a  different  method.  The  subcontractor  utilized  a  Totco 
"Go-Devil",  a  progressive  slope  indicator  which  is  encased  in  a  tube  and 
is  centered  in  the  drill  rods  by  flexible  fingers.  The  alignment  was 
measured  at  the  bottom  of  the  drill  rods  and  was  read  in  degrees  of 
slope.  Measurements  were  usually  taken  on  a  10  foot  frequency  but  were 
required  to  be  taken  at  30  foot  intervals. 

4-05.5.3.6  Tremie  Concrete.  The  filling  of  the 
permanent  casing  with  concrete  completed  the  sequence  of  the  primary 
element  construction.  Since  the  procedure  for  secondary  element 
placement  was  identical  but  the  results  were  somewhat  different  this 
topic  will  be  covered  under  separate  heading  4-05.5.4  and  a  discussion 
of  related  problems  with  analyses  of  problem  placements  and  concrete 
test  core  summaries  can  be  found  in  Appendix  D. 

4-05.5.4  Secondary  Element  Construction  Procedure.  Wolf 
Creek  rigs  were  used  exclusively  to  excavate  the  annular  space  grout, 
embankment,  and  rock  between  the  primary  elements.  These  secondary 
elements  were  completed  without  the  use  of  casing,  but  did  utilize  a 
full  head  of  bentonite  stabilizing  fluid. 

Bi-concave  clam  chisels  were  used  to  excavate  the  embankment  and 
overburden  portion  of  the  wall  and  a  variety  of  bi-concave  "side" 
chisels  and  star  chisels  were  used  in  the  rock. 

Excavation  began  with  a  bi-concave  toothed  clam  chisel  which  was 
used  to  top  of  rock.  The  central  clam  bucket  of  this  unit  removed  the 
material  while  the  bi-concave  sides  cleaned  the  26  inch  permanent 
casings  on  which  they  rode.  Due  to  chiseling  action,  and  flocculation 
caused  by  the  cement  in  the  annular  space  grout,  it  waB  necessary  to 
regularly  clean  and  replace  the  slurry.  Bailing  was  used  to  remove  the 
dense,  sandy  suspension  found  at  the  bottom  of  these  excavations  while 
either  water  or  thin  bentonite  was  added  at  the  top. 

Beginning  at  top  of  rock,  3  devices  were  used  in  regular  sequence. 
First,  a  star  chisel  was  used  to  pulverize  the  rook  in  the  center  of  the 
hole  for  about  3  feet.  Then  a  bi-concave  "Bide"  chisel  cleaned  the  side 
rock  and  casings  for  the  same  depth.  Thirdly,  the  bailing  device  was 
used  to  clean  the  heavily  suspended  rock,  sand,  and  grout  debris  from 
the  bottom  of  the  element,  completing  the  cycle. 

At  bottom  design  grade,  a  verticality  test  was  run  which  measured 
the  horizontal  distanoe  between  primary  element  casings  at  30  foot 
intervals.  The  measured  increments  were  compared  against  the 
mathematically  calculated  theoretical  and  was  considered  to  pass  if  th< 
difference  was  less  then  0.3  feet.  The  measurements  were  taken  with  the 
bi-concave  chisel  lowered  to  the  specified  depth  and  the  shoulders 
opened  as  wide  as  possible  with  the  operating  cable  with  the  weight  of 
the  chisel  held  by  the  holding  cable.  The  vertical  distance  relative  to 
the  holding  oable  with  the  operating  cable  moved  to  fully  open  was 
indicative  of  the  width  at  any  point.  If  the  verticality  was  not  found 
to  be  in  tolerance  at  any  depth,  it  was  because  the  permanent  casing  had 
not  been  properly  cleaned.  These  situations  were  rectified  by 
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Figure  4-2.  Secondary  Element  Construction  Sequence. 


Figure  4-2a. 

Soil  and  annular  space  grout  removal 
by  Wolf  Creek  Rig  using  biconcave 
clam  bucket. 


Figure  4 -2b. 

Rock  and  annular  space  grout  removed 
by  alternating  star  chisel,  biconcave 
side  chisel  and  bailer.  Verticality 
is  checked,  hole  desanded,  and  tremie 
concrete  placed. 


rechiseling  to  specifications  before  concreting. 

When  design  depth  was  obtained,  the  contractor  simultaneously 
cleaned  the  bottom  of  the  element  and  desanded  the  slurry  in  preparation 
for  concrete.  The  procedure  used  was  air  lift  circulation  through  a 
rock  and  sand  separator.  Circulation  was  obtained  through  an  8  inch 
pipe  with  a  rubber  air  hose  injecting  compressed  air  through  a  fitting 
some  20  feet  off  bottom.  The  pipe  was  initially  bounced  on  the  bottom 
several  times  to  retrieve  the  larger  material,  then  left  to  desand  the 
slurry  until  less  than  1%  sand  content  was  obtained.  At  this  point  the 
hole  was  ready  for  tremie  concrete. 

4-05.5.5  Tremie  Concrete  Procedures. 

4-05.5.5.1  General  Procedures.  Elements  were 
completed  with  the  placement  of  concrete  by  the  tremie  method,  inside 
the  26  inch  casing  for  primaries,  and  in  the  open  excavations  for  the 
secondaries.  The  first  placement  was  made  on  5  April,  1976. 

Several  minor  changes  were  instituted  during  the  course  of  the 
contract  to  improve  the  quality  of  the  product  and  will  be  discussed  in 
this  report.  Originally,  the  procedure  called  for  lowering  a  string  of 
10  inch  threaded  steel  pipe  to  within  12  inches  of  the  bottom  of  the 
permanent  casing  or  rock  as  the  case  may  be,  and  attaching  a  1/2  cubic 
yard  funnel  shaped  hopper  to  the  top.  The  string  was  manipulated  with 
either  an  18  or  35  ton  hydraulic  utility  crane.  A  standard  basketball 
was  placed  in  the  hopper  to  serve  as  a  retrievable  traveling  plug  or 
"go-devil", as  specified  in  the  contract,  to  partially  maintain  a 
concrete/water  barrier  during  the  start  of  placement. 

Two  mixer  trucks  were  directed  to  the  hopper,  one  with  2  cubic 
yards  of  grout,  and  the  other  with  8  yards  of  ooncrete.  The  grout  was 
released  first,  quickly  followed  by  the  concrete.  Concrete  continued 
to  be  supplied  by  mixer  trucks  with  no  or  minimum  delay  until  placement 
was  completed.  The  surface  of  the  rising  concrete  was  sounded  with  a 
heavily  weighted  tape  to  insure  a  minimum  embedment  of  10  feet  of 
tremie  pipe  in  concrete  as  sections  of  pipe  were  removed. 

Concrete  placement  during  the  early  period  of  the  contract  was  done 
with  little  regard  to  the  rate  of  concrete  rise  or  the  amount  of  pipe 
embedment  other  than  to  insure  a  minimum  of  10  feet  was  maintained  and 
that  head  differential  was  such  that  placement  could  continue  with  as 
little  rapid  up  and  down  movement  of  the  pipe  and  hopper  as  possible. 

The  rate  of  concrete  rise  within  the  26  inch  casing  was  approximately  12 
feet  per  minute,  and  slightly  slower  in  the  secondaries. 

A  considerable  quantity  of  grout  and  laitance  was  observed  prior  to 
the  show  of  ooncrete  at  the  surface  on  many  of  the  primary  elements. 

This  was  not  observed  during  the  tremie  concrete  placement  for  any  of 
the  secondary  elements.  The  concrete  rose  to  the  surface  of  the 
secondary  elements  with  practically  the  same  consistency  in  which  it  was 
placed. 


4-05.5.5.2  Trouble  Shooting  Problems.  Early  in  the 
contract,  test  borings  of  random  elements  revealed  substandard  ooncrete 
in  a  percentage  of  primary  elements.  The  Contracting  Officer  requested 
changes  to  the  tremie  procedure  on  5  April,  1977,  to  attempt  to 
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alleviate  the  initial  show  of  laitance  and  grout  and  the  zones  of  poor 
quality  concrete  being  found  in  the  primaries.  The  rate  of  riBe  for  the 
concrete  was  changed  to  be  no  greater  than  8  feet  per  minute.  The  slump 
was  changed  from  a  range  of  6.0  to  8.0  inohes  to  6.5  to  7.5  inches.  The 
maximum  tremie  pipe  embedment  was  set  at  90  feet  with  the  minimum 
remaining  at  10  feet.  A  solid  wooden  sphere  of  9.7  inches  in  diameter 
replaced  the  basketball  "go-devil".  The  tremie  pipe  was  lowered  to 
within  0.3  feet  of  the  bottom  prior  to  placement.  Approximately  one 
cubic  yard  of  concrete  was  plaoed  on  top  of  the  wooden  ball  and  the 
tremie  pipe  was  raised  to  one  foot  to  allow  the  escape  of  the  ball  and 
start  the  flow  of  concrete. 

boss  of  seal  procedures  were  also  changed  at  this  time.  Two 
elements  had  experienced  a  loss  of  seal,  and  the  established  procedure 
of  reinserting  a  dry  pipe  in  the  concrete  and  continuing  placement  was 
not  properly  followed.  Corrective  action  taken  involved  grouting  and 
redrilling  measures  (see  Appendix  D  for  details).  Consequently,  the 
Contracting  Officer  directed  the  contractor  not  to  attempt  to  recover  a 
loss  of  seal,  but  allow  the  concrete  to  set,  clean  by  air  lifting  and 
begin  a  new  placement. 

The  changes  resulted  in  less  grout  and  laitance,  and  a  subsequent 
loss  of  seal  was  successfully  carried  through  with  the  new  procedure. 
However,  occasional  substandard  concrete  was  found  in  later  test 
borings.  Although  considerable  time  and  effort  was  spent  in  an  attempt 
to  rectify  the  problem,  since  the  areas  in  question  were  isolated  to  the 
primary  elements,  it  was  decided  that  with  the  presence  of  the  steel 
casing  there  was  little  threat  to  the  safety  of  the  structure.  The  last 
tremie  placement  was  made  on  3  February,  1978. 


4-05.5.5.3  Concrete  Mix  Designs.  The  concrete 
mixes  were  designed  by  the  prime  contractor.  The  first  mix  used  was 
composed  of  the  following: 


coarse  aggregate 
fine  aggregate.. 

cement . 

flyash.  . . . . . 

water . . 

air . . . . 


1575  pounds 
1243  pounds 
.564  pounds 
.155  pounds 
. . 36  gallons 
...  6  percent 


After  placing  several  elements  there  was  a  determination  that  there  was 
a  loss  of  air  during  placement  (bleeding).  On  19  April,  1976,  the  mix 
was  changed  to  the  following: 


coarse  aggregate 
fine  aggregate.. 

cement . 

flyash . 

water. . . 

air . 


1600  pounds 
1380  pounds 
.564  pounds 
.115  pounds 
. . 32  gallons 
.2.3  percent 


This  mix,  used  for  the  remainder  of  the  contract,  had  a  0.40  to  0.41 
water  to  oement  ratio  and  yielded  a  slump  of  7  to  8  inches. 
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The  cement  was  type  II  low  alkali.  It  was  furnished  at  the 
beginning  of  the  contract  by  Diamond  Kosmos  Cement  Company.  After  about 
250  tons  had  been  shipped ,  a  breakdown  occurred  at  the  Kosmos  plant,  and 
the  remainder  of  the  cement  was  shipped  from  the  Speed,  Incorporated 
plant  of  the  Louisville  Cement  Company.  All  oement  was  accepted  by  a 
mill  certificate  issued  by  the  cement  company. 

Pozzolan  (flyash)  for  the  project  was  furnished  by  the  Walter  N. 
Handy  Company  of  Louisville,  Kentuoky.  The  tests  for  acceptance  were 
performed  by  the  concrete  division  of  the  USAE  Waterways  Experiment 
Station  at  Vicksburg,  Mississippi.  The  supply  plant  for  the  flyash  was 
Louisville  Gas  and  Electric  Company,  Cane  Run  Plant,  Louisville, 
Kentucky.  The  government  inspector  was  Mr.  Larry  Daniels. 

The  air  entraining  agent  used  was  MBVR  Standard  furnished  by  Master 
Builders  Supply  Company,  Incorporated,  Cleveland,  Ohio.  The  test  samples 
were  taken  by  project  personnel  and  sent  to  the  Ohio  River  Division 
Laboratory  at  Cincinnati,  Ohio,  for  testing  and  acceptance  according  to 
Corps  of  Engineers  specification  number  CRD-C-13. 

The  mixing  water  for  the  concrete  was  obtained  from  an  on-site 
well.  The  water  was  tested  by  T.  M.  Reagan,  Incorporated,  Environmental 
Engineering  Services,  Lexington,  Kentucky.  Based  on  the  test  results 
and  the  standards  of  the  Portland  Cement  Association  for  mixing  water 
for  concrete,  the  well  qualified  as  an  approved  source  of  mixing  water. 

The  fine  aggregate  was  natural  Ohio  River  sand,  supplied  by  the 
Martin  Marietta  Company,  Incorporated,  of  Milton,  Kentucky.  The  sand 
was  loaded  on  barges  at  the  plant  site  and  was  shipped  up  the  Kentucky 
River  to  Frankfort,  where  it  was  transferred  to  trucks  and  transported 
to  the  job  site.  A  total  of  203  gradation  samples  were  run.  No  samples 
were  found  to  be  out  of  specified  gradation.  The  average  F.  M.  was 
2.94.  The  following  represents  a  typical  gradation: 


Screen  Size  X  Passing  Spec.  X  Passing 


4 

98.0 

95-100 

8 

83.7 

80-95 

16 

68.4 

65-75 

30 

50.2 

30-60 

50 

15.0 

5-30 

100 

1.7 

0-10 

The  coarse  aggregate. 

3/4  inch  top 

size 

natural  gravel,  war 

soreened  and  washed  by  the 

Green  River 

Sand 

and  Gravel  Company, 

Incorporated,  Jonesville, 

Kentucky.  It 

was 

transported  to  the  Job 

by  trucks.  A  total  of  198 

gradation  samples 

were  run,  with  only  4 

samples  found  to  be  out  of 

gradation. 

Those 

out  of  gradation  were 

the  3/8  inch  screen.  A  typical  gradation: 

Screen  Size 

X  Passing 

Speo.  X  Passing 

1" 

100.0 

100 

3/4" 

97.3 

90-100 

1/2" 

74.0 

- 

3/8" 

28.1 

20-45 

#4 

1.5 

0-5 
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4-05.5.5.4  Concrete  Testing.  The  Quality  Control 
program  for  concrete  testing  was  carried  out  in  conjunction  with  the 
Corps’  Quality  Assurance  program.  The  oontraotor  made  5  ooncrete 
cylinders  a  placement  day  in  addition  to  taking  daily  air  and  slump 
tests.  All  samples  were  taken  at  the  tremie  site  as  placement  was  in 
progress.  The  6  inch  diameter  cylinders  were  taken  to  the  Corps’  on 
site  laboratory  for  curing.  They  were  marked  to  be  broken  as  follows:  2 
at  7  days,  2  at  28  days,  and  1  at  90  days.  The  average  7  day  cylinder 
failed  at  2,840  p.s.i.,  the  28  day  cylinders  at  4,278,  and  the  90  day  at 
5,154.  The  average  slump  was  7  inohes  with  the  mean  air  content  at  6.4X 
The  Corps  laboratory  seotion  ran  gradations  daily  on  both  the  fine  and 
coarse  aggregates. 

The  quality  of  the  completed  oonorete  in  both  the  primary  and 
secondary  elements  was  ohecked  by  NQ  size  core  borings.  The  drilling 
was  performed  by  Geotek  Engineering  Company,  of  Nashville,  Tennessee. 

They  utilized  two  truck  mounted  drills,  a  Mobile  B-53  and  a  Mobile  B-61. 
All  coring  was  done  using  NQ  wire  line  drilling  tools,  having  a  oore 
diameter  of  1.875  inches.  There  were  a  total  of  20  primary  elements  and 
29  secondary  elements  test  cored.  In  general,  all  secondaries  had 
sufficiently  good  quality  to  alleviate  any  conoern  as  to  those  portions 
of  the  wall.  As  previously  mentioned,  the  quality  of  the  concrete  in 
the  primaries  was,  in  many  instances,  of  a  very  poor  nature.  Lost  core 
was  not  logged  for  any  secondary  element,  but  was  recorded  in  40X  of  the 
primaries,  from  a  minimal  0.1  foot  to  a  disturbing  41.9  feet.  For 
drilling  summaries  of  each  element  tested,  see  Appendix  D. 

4-05.6  Problems  During  Construction. 

4-05.6.1  General .  The  prime  contractor  generally 
exhibited  a  high  level  ofe/pertise  and  professionalism,  and  as  a  result 
avoided  or  quickly  resolved  many  potential  problems  which  have  been 
known  to  plague  other  slurry  wall  projeots.  For  example,  the  extremely 
stringent  verticality  requirement  could  very  well  have  resulted  in  many 
lengthy  delays  and  possibly  oontractor/government  friction,  but  it  was 
anticipated,  accepted,  and  successfully  carried  through.  There  was  one 
problem  involving  verticality  which  involved  some  delay;  it  will  be 
discussed  in  this  section.  The  most  serious  problem  encountered  during 
the  projeot,  the  concrete  quality  in  the  primary  elements  resulting  from 
mix  design,  placement  procedures,  losses  of  seal  and  stuck  tremie  pipes 
has  already  been  discussed  and  will  be  further  documented  in  Appendix 
D. 

There  were,  of  oourse,  minor  problems,  not  the  least  of  which  was 
communication  between  government  field  personnel  (who  spoke  no  Italian) 
and  many  of  the  contractor  personnel  (who  spoke  very  little  English). 
Interpreters  were  occasionally  required,  but  there  were  very  few  delays 
resulting  from  this. 

During  the  oourse  of  the  oontract,  Kentucky  experienced  two  of  the 
most  severe  winters  on  record,  and  several  working  days  were  lost  -  an 
unusual  ooourrenoe  in  slurry  wall  operations.  Combined  with  strikes  and 
labor  disputes,  the  oontraot  length  was  extended  by  some  97  calendar 

days . 
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uncased  secondary 

ELEMENT 


Figure  4~3.  Plan  of  completed  wall  segment. 
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Several  other  difficulties  which  either  delayed  the  contractor  or 
were  not  readily  resolved  are  discussed  below. 

4-05.6.2  Tie-in  to  Existing  Concrete  Structure  - 
Embankment  Wall,  At  Wolf  Creek,  the  embankment  wraps  around  the 
concrete  portion  of  the  dam,  the  end  face  of  which  slopes  on  one 
horizontal  to  ten  vertical.  It  was  correctly  assumed  that  alignment 
would  be  difficult  to  maintain  while  drilling  through  this  contact,  and 
a  separate  lump  sum  bid  item  was  provided  in  the  contract  to  help  offset 
the  anticipated  problems.  13  elements  were  involved,  P-101  through 
P-113. 

Very  slow  progress  was  experienced  during  the  first  of  these 
elements  to  be  constructed,  P-103,  which  took  75  days  to  complete. 
Vertical  alignment  was  the  major  obstacle  to  be  overcome,  with  excessive 
reaming  time  involved.  The  prime  contractor  utilized  their  own  drilling 
rig,  the  Hong  Kong  Drill,  in  lieu  of  their  drilling  subcontractor.  At 
one  point  during  the  drilling  of  this  element  the  rods  twisted  off  and 
the  remaining  rods  and  bit  assembly  had  to  be  fished  from  the  hole.  In 
subsequent  elements,  the  contractor  modified  his  procedure  to  provide 
for  better  stabilization  of  the  drill  tools  and  production  rates 
improved.  Some  of  the  modifications  tried  included  cutting  the  bottom  of 
a  section  of  36  inch  temporary  casing  on  a  slant  for  the 

concrete/embankment  contaot,  the  use  of  backfill  concrete  at  the  contact 
to  make  a  level  surface  on  which  to  start  drilling,  chiseling  a  starting 
surface  with  star  chisels,  the  use  of  a  smaller  diameter  pilot  bit 
below  the  main  assembly,  and  stabilizer  guides  in  the  temporary  casing 
to  help  align  the  drill  rods. 

A  loss  of  drill  fluid  occurred  while  drilling  the  NQ  core  hole  below 
P-105,  and  it  was  found  flowing  into  a  dam  gallery  adjacent  to  the 
element.  The  water  loss  was  stemmed  with  loss  circulation  material.  A 
watch  was  posted  in  the  gallery  during  all  subsequent  drilling 
activities  in  the  tie-in  section  when  it  was  considered  possible  that 
communication  could  occur. 

4-05.6.3  Verticality  of  P-139.  A  survey  error  was 
made  on  the  permanent  casing  verticality  (final  reading)  before  placing 
annular  space  grout.  A  recheck  showed  the  casing  to  be  out  of  tolerance 
with  readings  of  0.61  feet  and  0.71  feet  landward  at  230  and  270  feet  in 
depth  respectively,  but  was  not  found  until  the  grout  had  been  placed. 
The  contractor  requested  a  waiver  and  proposed  to  slightly  change  the 
alignment  of  the  adjacent  primary  elements  (P-141  and  P137)  to  better 
facilitate  the  construction  of  the  closing  elements  S-138  and  S-140. 
Permission  from  the  Contracting  Officer  was  granted  and  the  installation 
of  those  elements  were  completed  as  revised.  The  location  of  the 
adjacent  primaries  were  offset  from  design  to  the  following  stations: 
P-141  -  36+02. 42L,  0.00  A  and  B;  P-137  -  35+93. 56L,  0.77B. 

4-05.6.4  Stuck  Chisel  in  S-394.  ICOS  was  plagued  with 
down  time  recovering  stuck  chisels  -  usually  biconcave  rock  chisels 
(side  chisels)-  from  the  secondary  elements.  The  episodes  usually 
occurred  when  the  holding  cable  broke  and  the  edges  of  the  chisel  jammed 
apart  against  the  primary  casing  from  tension  of  the  operating  cable. 
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However,  various  other  tools  and  various  causes  were  also  involved. 
Recovery  normally  took  from  tens  of  minutes  to  several  hours,  with  an 
occasional  chisel  requiring  more  than  one  shift.  A  side  chisel  was 
stuck  in  S-394,  however,  which  required  continuous  effort  from  10 
August,  1976,  when  it  became  wedged  in  the  hole  at  180  feet,  until  5 
October  of  that  year,  when  it  waa  recovered.  Heavy  construction 
equipment  ranging  from  Wolf  Creek  Rigs  to  100  ton  cranes  were 
intermittently  tied  up  in  the  recovery  effort.  Specially  fabricated 
hooks  designed  by  ICOS’  chief  engineer  ultimately  led  to  its  recovery. 

4-05.6.5  Mud  Level  Monitoring.  The  initial 
indication  of  encountering  open  solution  features  during  wall  excavation 
was  understood  to  be  a  rapid  slurry  loss.  A  possible  pending  emergency 
could  be  indicated  by  any  degree  of  loss  of  slurry.  Therefor,  the 
Contracting  Officer  directed  all  personnel  to  be  observant  of  the  level 
of  slurry  in  all  open  excavations,  and  for  Quality  Assurance  personnel 
to  accurately  measure  "mud  levels"  at  specific  intervals.  However, 
losses,  if  any,  were  virtually  impossible  to  calculate  under  dynamic 
conditions.  Varying  lengths  of  partially  mud  filled  guidewall  normally 
contained  various  excavation  operations,  each  with  different  excavation 
rates.  This,  combined  with  the  irregular  trench  bottom  which 
occasionally  contained  completed  primary  casings,  spilled  piles  of 
spoil,  stored  equipment,  etc.,  made  any  accurately  computed  volume  drop 
infeasible.  There  was  also  a  significant  mud  loss  from  spillage  from 
clam  buckets  and  from  spraying  from  the  air  lift  equipment  which  was 
difficult  to  estimate.  Field  personnel  were  directed  to  attempt  to 
correlate  excavated  volumes  by  estimating  spoil  deposited  in  skip  pans 
with  decrease  of  mud  volume  in  the  trench,  but  the  variables  mentioned 
made  this  prohibitively  difficult.  Semi-accurate  readings  were  only 
obtained  on  isolated  holes  during  periods  of  inactivity  with  mud  levels 
lower  than  the  base  of  the  trench. 

4-06  Site  Restoration 

4-06.1  General .  The  restoration  for  Phase  I  consisted  of 
the  removal  of  a  portion  of  the  work  platform  from  the  dam  and  the 
restoring  of  the  work  site  around  the  switchyard  to  its  original 
condition. 


4-06.2  Embankment .  Modification  P00016,  dated  17  March, 

1978,  extended  the  completion  date  for  the  removal  of  the  Phase  I  work 
platform  between  stations  42+30  and  50+00  to  coinoide  with  the 
completion  date  for  the  Phase  II  contract.  This  portion  of  the  platform 
contained  the  contractor’s  office  trailers,  workshop  and  bentonite 
mixing  and  storage  tanks.  The  portion  of  U.S.  Highway  127  was  restored 
to  its  original  alignment  between  station  35+11  and  42+50.  Two  way 
traffic  was  reestablished  across  the  dam  and  continued  throughout  the 
diaphragm  wall  construction  period. 

The  restoration  work  began  with  the  concrete  backfilling  of  the 
pipe  and  guidewall  trenches.  The  conorete  and  asphalt  working  surface 
was  then  removed  as  was  the  downstream  rock  fill  used  to  construct  the 
platform.  The  tie-back  rods  from  the  anohor  wall  to  the  sheet  piling 
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were  dismantled  and  the  piling  was  extraoted.  The  rook  fill  was  hauled 
to  a  slough  at  the  east  abutment  of  the  dam  where  a  future  parking  lot 
and  a  boat  launohing  ramp  were  to  be  oonstruoted.  The  impervious 
embankment  was  returned  to  its  original  slope  and  a  four  inch  thiok 
plating  of  top  soil  was  added.  The  slope  was  fertilized,  seeded  and 
mulched  according  to  the  specifications. 

Base  course  asphalt  was  plaoed  on  the  portion  of  U.S.  Highway  127 
between  stations  35+11  and  42+50  as  this  section  was  restored  to  the 
original  alignment.  The  wearing  surface  would  be  laid  in  conjunction 
with  the  restoration  work  for  Phase  II. 

The  upstream  portion  of  the  work  platform  was  removed  using  the 
same  method  as  was  used  in  the  removal  of  the  downstream  platform.  A 
section  of  the  upstream  guidewall  and  the  top  three  to  four  feet  of  the 
concrete  diaphragm  wall  was  removed  between  stations  36+65. 22L  and 
38+59. 30L.  This  section  contained  the  upstream  alignment  change  to  the 
diaphragm  wall  for  accommodation  of  the  steel  tailtower  structure 
incorporated  in  the  embankment  during  construction.  The  top  width  of 
the  dam  was  widened  by  7.75  feet  to  the  upstream  side  by  leaving  the 
remaining  concrete  guide  wall  in  place. 

New  guardrail  was  installed  along  the  restored  section  of  the  dam. 
The  new  rail  was  required  to  comply  with  Kentucky’s  Bureau  of 
Transportation  specifications.  The  work  was  accomplished  under  a 
modification  to  the  contract. 

The  disturbed  portion  of  the  upstream  side  of  the  dam  between  the 
service  road,  at  elevation  740  feet  MSL  and  the  top  of  the  dam  was 
graded  for  new  rock  protection.  The  subcontractor,  E.  Randle  Company, 
using  an  endloader,  dozer  and  backhoe,  placed  the  required  one  foot  of 
bedding  and  three  feet  of  rip- rap  on  tne  slope.  This  new  protection 
extended  from  the  embankment  wrap-around  section  to  station  41+34  where 
the  work  platform  remained  intact.  The  limestone  bedding  and  rip-rap 
material  came  from  the  approved  quarry  at  Albany,  Kentucky. 

Throughout  the  construction  and  restoration  phases,  six  piezometers 
were  rendered  inoperable  due  to  their  alignment  with  the  diaphragm  wall 
or  to  the  contractor’s  surface  operations.  The  specified  money  was 
retained  from  the  contractor  for  each  piezometer  destroyed.  During 
restoration  the  piezometers  and  inclinometers  were  protected  by 
temporary  means.  The  piezometers  on  the  upstream  and  downstream  slopes 
had  high  riser  pipes  installed  to  protect  them  as  the  rock  protection 
and  the  embankment  were  repaired.  The  temporary  risers  were  later  cut 
to  the  appropriate  height  and  new  elevations  were  established  for  each. 

4-06.3  Switchyard .  The  restoration  of  the  area  around  the 
switchyard  was  accomplished  without  difficulty.  Tennessee  Valley 
Authority  crews  removed  the  temporary  power  poles,  which  elevated  the 
transmission  lines  above  the  switchyard  as  ICOS  was  removing  their 
equipment  from  the  area.  The  guidewall  trench  was  backfilled  with 
concrete  and  the  parking  area  was  paved  with  two  inohes  of  asphalt.  The 
surrounding  disturbed  area  was  regraded,  plated  with  topsoil, 
fertilized,  seeded  and  mulohed  according  to  the  specifications.  The 
weather  station  and  shrubbery  were  replaced  between  the  parking  lot  and 
the  tailrace  training  wall.  The  concrete  ditch  and  the  rock  protection 
along  side  the  switchyard  were  replaced. 
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4-06.4  Final  Acceptance.  The  final  formal  aooeptance  of 
this  partial  restoration  for  Phase  I  construction  was  delayed  until  19 
August)  1980,  when  the  complete  dam  restoration  for  both  Phase  I  and 
Phase  II  was  reviewed  and  accepted. 


SECTION  5  -  Instrumentation 

5-01  General .  Wolf  Creek  Dam,  due  to  the  foundation  problems  and 
remedial  work,  was  highly  instrumented  and  carefully  monitored.  This 
instrumentation  system  included  some  300  open  tube  piezometers,  pressure 
transducers,  inclinometers,  seismic  instruments  and  surface 
monumentation.  Piezometer  types  included  casagrande,  well  point,  and 
pneumatic.  The  pneumatic  piezometers  and  the  transducers,  installed 
under  this  contract,  were  equipped  with  automatic,  continuous  recorders. 
Approximately  fifty  of  the  other  piezometers  were  read  six  times  daily 
during  wall  construction  and  the  remainder  were  read  weekly.  Water 
temperatures  were  measured  at  the  bottom  of  the  top  of  rock  piezometers 
every  two  to  three  months.  Monumentation  surveys  were  performed 
semiannually,  unless  specifically  requested  and  inclinometer  readings 
were  made  at  three  month  intervals.  Data  was  compiled  and  analyzed  by 
the  Nashville  District  Instrument  and  Inspection  Section. 

5-02  Piezometers.  All  piezometer  readings  were  plotted  as  head 
elevation  versus  time.  Those  piezometers  read  six  times  daily  (every 
four  hours  -  seven  days  per  week)  were  also  plotted  on  an  hourly  scale 
and  these  plots  compared  to  a  plot  of  the  work  in  progress  (on  hourly 
scale)  from  which  the  specific  drilling,  grouting,  etc.  reactions  could 
be  determined.  Factors  used  in  the  evaluation  of  piezometer  reactions 
are  as  follows: 

1. Individual  plots  compared  to  headwater,  tailwater  and 
rainfall . 

2.  Evaluation  of  reactions  to  wall  operations. 

3.  Evaluation  of  large  hole  drilling  versus  small  hole 
rock  drilling. 

4.  Evaluation  of  base  level  changes. 

5.  Piezometer  water  level  contours. 

6.  Piezometer  temperatures. 

7 . Correlation  of  piezometer  data  with  known  geology. 

8. Insuring  the  operational  adequacy  of  the  piezometers. 

Every  three  months  contours  of  the  top  of  piezometer  levels  were 
plotted.  These  were  evaluated  in  light  of  theoretical  contours,  work 
underway,  known  geology  and  seasonal  fluctuations.  Temperatures  from 
top  of  rock  piezometers  are  plotted  as  contours.  Zones  of  colder  water 
from  the  reservoir,  passing  through  the  foundation  could  be  deteoted  in 
this  manner. 

5-03  Automatic  Recording  Instruments.  A  system  of  ten  automatic 
recording  transducers  and  pneumatio  piezometers,  one  of  each  installed 
in  the  same  hole,  was  installed  to  evaluate  the  effect  of  airlift 
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drilling  and  other  construction  practices  on  the  foundation.  Although 
occasional  dynamic  responses  have  been  recorded  (which  would  have  been 
missed  by  manual  readings )i  problems  with  the  transducers  and  with  the 
pneumatic  piezometers’  recorder  limited  the  success  of  this  system. 
However,  when  the  pneumatic  piezometer  recorder  was  functioning 
properly,  correlation  with  construction  progress  was  dramatically  shown. 

5-04  Inclinometers ■  The  contract  required  the  installation  of 
seven  inclinometers  to  monitor  any  movement  in  the  diaphragm  wall.  The 
inclinometers  were  installed  in  secondary  elements  of  the  wall.  For 
their  locations  see  Appendix  A,  Plate  A-58. 

ICOS  prefabricated  15"byl5"  resteel  cages  in  which  was  anchored  a 
four  inch  steel  casing.  The  cage  and  casing  were  lowered  into  the 
cleaned  secondary  element  just  before  tremie  placement.  The  resteel 
cage  and  casing  provided  a  fixed  preformed  hole  for  the  insertion  of  the 
1.90"  diameter  plastic  inclinometer  casing.  Initial  installation  was 
under  the  direction  of  a  representative  from  Slope  Indicator  Company, 
the  manufacturer  of  the  instrument.  Once  initial  readings  were 
established,  the  Instrumentation  Section  from  the  Nashville  District 
assumed  the  responsibility  for  compiling  and  interpreting  the  data. 

Very  minor  movements  have  been  observed  since  the  initial  readings  were 
recorded. 

5- 05  Other.  The  seismic  instruments  were  cheoked  periodically  for 
movement;  however,  those  near  the  construction  were  disconnected  due  to 
numerous  false  recordings  as  a  result  of  the  construction. 

Monumentation  surveys  were  discontinued  during  the  construction  period 
on  the  embankment  but  continued  in  the  switchyard,  which  showed  no 
appreciable  movement.  A  survey  on  the  embankment  after  completion  of 
construction  also  revealed  no  appreciable  change. 

SECTION  6  INSPECTION . 

6- 01  Contract  Administration.  This  contract  was  administered 
by  the  U.S.  Army  Corps  of  Engineers,  Nashville  Engineering  District, 
Nashville,  Tennessee,  and  was  executed  under  District  Engineers  Colonels 
Henry  J.  Hatch,  Robert  K.  Tenner  and  Lee  W.  Tucker. 

6-02  Personnel .  Inspection  in  accordance  with  paragraph  G.P.-50 
of  the  General  Provisions  was  performed  under  the  direct  supervision  of 
Mr.  Joseph  R.  Turner,  Resident  Engineer.  He  was  assisted  by  numerous 
government  personnel.  See  Table  6-1  for  the  list  of  personnel  and  their 
effective  dates. 

6-03  Records .  All  administrative  records  are  on  file  at  the 
Office  of  the  District  Engineer,  U.S.  Army  Engineering  District, 
Nashville,  Tennessee.  Detailed  construction  files  were  maintained  with 
separate  folders  for  each  element  filed  in  both  numerical  and 
chronological  order.  The  folders  contain  detailed  logs  covering  each 
phase  of  construction  operations.  See  Appendix  C  for  examples  of  the 
various  logs  and  other  construction  records.  These  files  are  currently 
being  maintained  at  the  Wolf  Creek  Powerhouse. 
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6-04  Final  Inspection.  The  final  inspection  was  held 
simultaneously  for  both  Phases  1  and  II  on  19  August,  1980. 
Representatives  of  the  Distriot  Office,  a* tW  Wolf  Creek  Resident  Office, 
and  ICOS  Corporation  of  America  performed  the  inspection. 


TABLE  6-1 

GOVERNMENT  PERSONNEL 

The  following  government  personnel  were  assigned  to  this  work: 


Resident  Engineer 

4-75 

thru 

5-79 

Assistant  Resident  Engineer 

9-75 

thru 

7-77 

Acting  Ass't  Resident 

Eng . 

9-75 

thru 

6-78 

Acting  Ass't  Resident 

Eng . 

9-75 

thru 

3-81 

6-78 

thru 

9-78 

11-75 

thru 

5-79 

3-78 

thru 

6-78 

Joseph  R.  Turner 
George  Brunner 
Cecil  Dodson 
Duane  Dyer 
Junior  Appleby 
James  Baber 
Ralph  Backhaus 
Arva  Bernard 
Larry  Brown 
Don  Crane 
Bill  Fanning 
Gerald  Garner 
Wilfred  Hagan 
Anita  Hay 
Pat  Jordan 
Bernie  Kearns 
David  McGowan 
Dick  Orr 
Richard  Powers 
Jerry  Rainer 
Dan  Riggs 
Paul  Ross 
Paul  Smith 
Peggy  Webb 
Orville  Wicker 
Glenn  Wooldridge 
Everett  Wright 
Phillip  York 


6-75 

thru 

7-80 

6-75 

thru 

3-81 

4-77 

thru 

7-80 

3-76 

thru 

2-79 

4-76 

thru 

1-78 

7-76 

thru 

6-79 

8-75 

thru 

7-80 

11-77 

thru 

5-79 

8-76 

thru 

3-81 

5-79 

thru 

9-80 

10-75 

thru 

12-76 

4-76 

thru 

6-77 

9-75 

thru 

6-76 

3-76 

thru 

7-79 

10-75 

thru 

12-77 

9-77 

thru 

8-78 

1-78 

thru 

9-79 

3-76 

thru 

3-81 

6-78 

thru 

7-78 

3-77 

thru 

9-79 

2-78 

thru 

2-79 

SECTION  7.  POSSIBLE  FUTURE  PROBLEMS. 

The  instrumentation  indicates  that  the  walls  are  functioning 
as  designed.  No  problems  are  foreseen  for  the  switchyard  wall.  For  the 
embankment  wall,  although  the  ooncrete  test  cores  indicate  that  the  more 
vulnerable  portion  of  the  wall  -  the  secondary  elements  -  are  probably 
fully  closed,  the  possibility  does  exist  that  there  could  be  windows 
in  the  structure.  It  is  unlikely  that,  even  if  any  windows  are  present, 
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their  locations  would  be  favorable  for  renewed  piping ,  and  equally 
unlikely  that  underseepage  will  ooour  either  through  the  wall/dam 
oontaot  or  under  the  wall,  due  to  the  conservative  procedures  used  and 
depths  speoified.  However,  there  is  preoedent  for  underseepage  to  be 
resumed  below  conorete  structures  founded  in  so-called  sound  rock,  and 
oonstant  attention  to  instrumentation  and  visual  inspection  must  be 
maintained. 

The  most  likely  future  problem  would  be  at  the  right  end  of 
the  wall  following  completion  of  Phase  II.  The  hydraulic  gradient 
should  be  monitored  closely  to  determine  if  future  remedial  action  is  to 
be  necessary  in  this  area. 


WOLF  CREEK  DAM  REMEDIAL  CONSTRUCTION 
CONCRETE  DIAPHRAGM  -  PHASE  II 
COMPLETION  REPORT 


SECTION  1.  INTRODUCTION 

1-01  General .  This  report  contains  only  the  pertinent  contract 
information  for  Contract  Number  DACW  62-77-C-O 129 ,  Phase  II,  and  any 
changes  in  construction  procedure  from  the  Phase  I  diaphragm  wall 
contract.  Phase  II  was  basically  an  extension  of  the  Phase  I  embankment 
wall,  and  was  awarded  to  the  same  prime  contractor  -  ICOS  Corporation  of 
America. 

1- 02  Authorization  and  Appropriation.  This  contract  was 
authorized  by  the  Flood  Control  Act  of  1938,  Public  Law  Number  761,  75th 
Congress  -  3rd  Session.  The  appropriation  code  is  96X3122,  Flood 
Control  General. 

SECTION  2.  CONTRACT . 

2- 01  General ■  Two  step  bidding  was  again  utilized  in  the  Phase 
II  contract,  with  ICOS  Corporation  of  America  and  ECI-Soletanche  being 
approved  for  bidding.  ICOS  was  awarded  the  contract  after  submitting 
their  bid  of  *46,456,600.00.  ECI-Soletanche  turned  in  a  bid  of 
*57,083,350.00.  The  government  estimate,  without  profit,  was 
*41,780,000.00. 

The  Notice  to  Proceed  was  signed  by  ICOS  on  5  July,  1977,  and  the 
contract  had  a  completion  date  of  18  October,  1980. 

Mobilization  began  immediately  with  the  extending  of  the  Phase  I 
work  platform  to  include  the  Phase  II  working  area.  There  was  no  break 
in  time  for  the  diaphragm  wall  construction  activities  as  the  two  phases 
merged  for  element  construction. 

2-02  Modifications .  During  the  course  of  construction,  the 
contract  was  modified  eleven  times.  These  modifications  are  listed 
in  Table  2-1. 


TABLE  2-1 

PHASE  II  MODIFICATIONS 
Mod  no  . _ Description _ 


Change  to 
Contract 


P00001 

P00002 


Addition  of  retarding  admixture  to  None 

concrete  mix  design 


Extended  completion  date  due  to  weather  27  day 

and  work  stoppages  increase 
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P00003 

P00004 

P00005 

P00006 

P00007 

P00008 

P00009 

P00010 

POOOll 


Extended  completion  date  due  to  cement 
transportation  workers  strike 

Exploratory  drilling  near  P-1097 


Coring  and  pressure  testing  elements 
S-974  and  S-976 

Extended  completion  date  for  weather 


Install  temporary  access  roads  for 
required  piezometer  installation 

Delete  certain  items  from  site 
restoration  requirements  in  exchange 
contractors  metal  buildings 

Purchase  of  office  trailers 


Lump  sum  payment  for  contract  underrun 


Establish  new  bid  item  No.  21 
(administrative  correction  only) 


10  day 
increase 

$21,606.29 

increase 


$14,029.05 

increase 

20  day 
increase 

$26,463,36 

increase 

$23,600.00 

increase 


$12,000.00 

increase 

$40,000.00 

increase 


None 


2-03  Subcontractors, 
in  this  contract. 

Table  2-2  lists  the  major 

subcontractors  used 

TABLE  2-2 
SUBCONTRACTORS 

Subcontractor 

Address 

Responsibility 

E.  Randle  Company 

P.0.  Box  396 

Frankfort,  Ky  40601 

Work  Platform 

Du»  can  Machinery  Movers 

Old  Frankfort  Pike 
Lexington,  Ky  40504 

Moving  machinery 

Valley  Fence  Company 

1300  West  Oak  Street 
Louisville,  Ky  40201 

Fencing 

Geotek  Engineering  Company 

2720  Nolensville  Road 
Nashville,  Tenn  37211 

Core  drilling 

Harrod  Carter,  Inc. 

P.0.  Box  794 

Frankfort,  Ky  40601 

Concrete 
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R.E.  Gaddie,  Inc. 


P.O.  Box  300  Paving  and 

Bowling  Green,  Ky  42101  stone 


2- 04  Safety.  ICOS  submitted  their  safety  plan  and  job  hazard 
analysis  immediately  following  the  awarding  of  the  contract.  The  plans 
took  into  consideration  the  historic  values  learned  during  the  Phase  I 
contract.  The  submittals  were  reviewed  and  accepted  by  District 
personnel . 

The  contractor  maintained  an  excellent  safety  record.  During  the 
course  of  the  contract  there  were  only  three  lost  time  incidents  which 
involved  pulled  ligaments  and  one  broken  wrist. 

SECTION  3  CONSTRUCTION 

3- 01  Preconstruction  Conference.  The  preconstruction 
conference  for  Phase  II  was  held  at  the  Resident  Engineer’s  Office  on  7 
July,  1977.  The  topics  discussed  were:  general  administrative  policies, 
safety  plan,  job  hazard  analysis,  quality  control,  environmental  control 
plans,  and  labor  relations.  Changes  from  the  Phase  I  contract 
administration  were  also  discussed. 

3-02  Mobilization.  With  the  exception  of  the  construction  of 
the  Phase  II  work  platform,  the  mobilization  process  was  an  exercise  in 
contract  administration.  Upon  securing  permission  ,  ICOS  simply  phased 
in  the  beginning  work  on  Phase  II  with  the  remaining  wall  construction 
from  Phase  I. 

3-03  Contractor’s  Organization.  Construction  continued  under 
the  general  supervision  of  Mr.  Antonio  Paveglio  as  Project  Manager.  He 
remained  in  that  position  throughout  the  diaphragm  wall  construction  and 
was  relieved  by  Mr.  Virgilio  De  Biasio  as  demobilization  proceeded  in 
the  summer  of  1980. 

3-04  Construction  Procedures.  The  Phase  II  diaphragm  wall  was 
an  extension  of  the  Phase  I  embankment  wall  landward.  The  construction 
procedure  remained  physically  the  same  as  in  the  Phase  I  contract.  ICOS 
employed  their  own  rock  drills  (Hong  Kong  rigs)  to  bore  the  36-inch 
holes  in  bedrock  for  the  primary  elements.  The  Phase  I  subcontractor, 
Drillers/Kentucky  Limited,  waB  not  retained  for  the  second  contract. 

The  major  change  to  the  contract  was  the  addition  of  retarder  to 
the  concrete  mix  design.  This  change,  Modification  Number  1,  dated  28 
April,  1978,  resulted  in  better  concrete  quality  in  the  primary 
elements,  in  which  problems  were  Btill  being  experienced.  See  concrete 
core  log  summaries  in  Appendix  D  for  comparisons  of  concrete  cores 
before  and  after  the  addition  of  this  admixture,  Master  Builders  300R. 

As  in  Phase  I,  several  elements  had  to  be  deepened  to  satisfy  the 
specified  ten  foot  embedment  into  good  rock.  There  were  10  elements  in 
all  which  were  excavated  below  grade  for  this  reason  and  are  described 
below. 
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P-821  was  excavated  to  elevation  556.5  (design  grade  560)  aa  a 
result  of  weathered  material  being  found  at  elevation  568.5  to 
566.5.  The  adjacent  elements  P-819  and  S-820  were  also 
deepened,  (P-819  to  allow  for  the  deepening  of  S-820), 
although  no  weathered  material  was  discovered  in 
their  excavations. 

P-945  was  deepened  from  elevation  600  to  elevation  593.5  due 
to  weathered  material  being  logged  between  elevation  605.7 
and  604.3.  Subsequently,  adjacent  elements  S-942,  P-943, 

S-944,  S946 ,  and  P-947  were  also  deepened. 

P-975  was  taken  ten  feet  deeper  than  designed  as  a  result  of 
weathered  material  in  the  drill  cuttings  between  elevations 
602.5  to  600.5.  This  element  was  deepened  to  elevation  590.0. 
The  adjacent  primary  elements  of  P-973  and  P-977  had 
previously  been  installed  to  the  design  elevation  of  600.0, 
thus  secondary  elements  of  S-974  and  S-976  could  not  be 
extended  beyond  the  designed  depth.  A  modification  was 
written  to  core  drill  the  bedrock  beneath  elevation  600.0 
in  those  secondaries  to  verify  the  rock  quality.  No 
deleterious  material  was  found. 

3-05  Problems  During  Construction. 

3-05.1  General .  Most  of  the  minor  problems  inherent  at  the 
beginning  of  new  construction  projects  had  been  worked  through  by  the 
end  of  Phase  I,  and  by  virtue  of  retaining  the  same  contractor,  were  not 
repeated  during  the  phase  in  of  the  second  contract.  Language  was 
seldom  a  problem  during  Phase  II  since  more  local  employees  had  been 
trained  as  specialists  and  those  Italian  specialists  remaining  had 
become  familiar  with  English.  Weather  continued  to  cause  problems,  with 
another  unusually  severe  winter  occurring  during  Phase  II. 

3-05.2  Concrete .  Concrete  quality  in  the  primary  elements, 
although  better  after  the  addition  of  retarder  to  the  mix  design,  was 
not  of  an  outstanding  nature.  Placement  procedures  were  studied  and  a 
number  of  tests  and  observations  were  conducted  concerning  leaking 
tremie  pipe,  concrete  water  bleed,  water  drawdown  during  rise  of  tremie 
pipe,  rate  of  tremie  pipe  pull,  rate  of  concrete  rise,  and  concrete 
consolidation.  Results  of  concrete  test  coring  and  an  analysis  and 
conclusions  from  the  tests  and  observations  are  included  in  appendix... 

3-05.3  Element  P-653.  IC0S  discovered  that  the 
vertlcality  of  this  element  was  sign! f icantly  out  of  tolerance  at  the 
founding  elevation  of  560  MSL  (depth  212.5),  and  were  unsuccessful  using 
the  established  procedure  of  reaming.  They  attempted  a  redrill  after 
backfilling  the  hole  to  top  of  rock  (depth  180.4)  with  crushed 
limestone,  but  a  recheck  of  the  vertlcality  revealed  that  the  bottom  of 
the  hole  was  still  out  of  tolerance.  The  contractor  once  again 
backfilled  the  hole  to  near  top  of  rock  with  crushed  limestone  and 
set  20-inch  casing  to  align  drilling  action  which  proceeded  with  an 
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18-inch  bit  to  215  fee t.  This  pilot  hole  allowed  the  redrill,  in  which  a 
30-inch  bit  was  used,  to  remain  straight.  The  contractor  drilled  the 
30-inch  hole  to  215  feet,  2.5  feet  lower  than  grade,  to  avoid  having  to 
first  backfill  the  deeper  pilot  hole  with  structural  grout  or  concrete 
before  setting  the  permanent  casing. 

3-05.4  Landward  Termination  of  Wall.  The  contract 
payline  terminated  at  station  57+49. 3L,  in  panel  P-1097.  Dam  sections 
indicated  a  possible  soft  zone  in  this  area  between  elevations  649.5  and 
634.5  and  it  was  proposed  to  extend  contract  requirement  to  add  two 
elements  to  ensure  closure  in  sound  material.  However,  a  modification 
was  written  to  allow  exploration  by  the  contractor  before  adding  the 
elements.  Two  core  holes  were  drilled  on  4.5  foot  centers  beyond 
P-1097,  washboring  to  elevation  657,  standard  penetration  test  to  top  of 
rock,  and  HQ  core  to  design  depth.  No  soft  zone  was  discovered  in  the 
borings  and  the  wall  was  not  extended. 


SECTION  4  INSPECTION 

4-01  Contract  Administration.  This  contract  was  administered 
by  the  U.S.  Army  Corps  of  Engineers  District,  Nashville,  Tennessee,  and 
was  executed  under  District  Engineers  Colonels  Robert  K.  Tenner  and  Lee 
W.  Tucker. 

4-02  Personnel .  Inspection  in  accordance  with  paragraph  <3. P.50 
of  the  general  provisions  was  performed  under  direct  supervision  of  Mr. 
Joseph  R.  Turner  until  his  transfer  in  May  of  1979.  The  contract  work 
was  completed  under  the  supervision  of  Mr.  Duane  A  Dyer.  See  Phase  I 
completion  section.  Table  6-1  for  a  list  of  personnel  and  their 
effective  dates. 

4-03  Final  Inspection.  ICOS  completed  the  last  element  in  the 
diaphragm  wall  of  5  September,  1979,  and  removal  of  the  work  platform 
began  immediately.  ICOS'  subcontractor  E.  Randle  Company  began 
removing  that  portion  of  the  work  platform  from  Phase  I  that  was  left  in 
place  under  a  modification  and  was  Incorporated  into  the  Phase  II  work 
area.  The  rockfill  for  the  platform  was  hauled  to  the  designated  spoil 
area  Just  upstream  of  the  east  abutment  of  the  dam.  The  rock  was  put  to 
good  use  in  the  construction  of  a  large  parking  area  and  a  launching 
ramp  into  Lake  Cumberland. 

The  actual  final  inspection  for  both  Phase  I  (DACW62-75-C-206)  and 
Phase  II  (DACW62-77-C-0129)  was  held  on  19  August,  1980.  Representation 
of  the  District  Office,  the  Wolf  Creek  Resident  Office  and  ICOS 
performed  the  inspection. 


SECTION  5  POSSIBLE  FUTURE  PROBLEMS 

As  concluded  in  the  Phase  I  report,  the  most  likely  location 
for  renewed  piping  would  be  around  the  landward  terminus  of  the 
diaphragm  wall,  although  it  is  theoretically  possible  for  seepage  to 
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occur  At  any  location  below  piezometric  gradient.  Instrumentation  will 
be  vigilantly  monitored,  and  on  site  personnel  have  on-going  training 
lor  hazards  recognition,  reporting,  and  action. 
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see 


ji-28Tn  MINOR  REVISIONS,  TWO  HOLE  NOS  CHANGED 


sections  oh 
os  02-52 , 


/  AH  holes  shown  were  drilled  along  Sto  OtOOAB 
2  For  geologic  sections  along  the  wall  alignment 
see  Dwg  Nos  02-52/192  thru  02 -52// 96 
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1  At i  holes  shown  were  drilled  along  Sto  OtOOAB 

2  For  geologic  sections  along  wall  alignment  see 

Dwg  Nos  02-52/196,  197,  and  193 
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•  Contract  exploratory  hole 
f*  Government  exploratory  hole 


NOTES : 

/  For  Geologic  Section  along  Contract 

exploratory  line  see  Dwg  No  02- 52/70! 
2  For  Geologic  Section  along  Government 
exploratory  line  see  Dug  No  02 -  52/200 
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Grout  encountered  during  drilling 

Leipers  -  Catheys  contact  -  AU  members  are 
crystalline,  variably  sha/y  Limestone 

Point  of  drillwater  loss 

Percent  of  drillwater  loss 

Intermittent  drillwater  return  remainder  of 
hole  unless  otherwise  indicated 

100  %  drillwater  return 

Cubic  feet  of  grout  placed  during  backfilling 
operation  There  was  no  differentiation  made 
between  rock  and  overburden 
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NOTES 

/  For  locations  of  all  holes  see  Dwg  No  Q2-52//89 
2  All  elevations  refer  to  Mean  Sea  Level,  Sandy 
Hook  Datum 
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WA~33E  -  Embankment  Piezometer 
WA~33F  •  Filter  Piet  ome  ter 
BA  ~  33  -  Top  of  Pock  Pi  or  ome  ter 

WA  -  33R  -  Bedrock  Piezometer 

•  r  tut  mg  Pioiomotor 
o  Surface  Movement  Monument 
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DITCH 


1  FOR  PLAN  AND  PROFILE  ALONG  DIAPHRAGM  WALL  SEE 

DWGS.  02-52/248  TO  250 

2  FOR  SECTIONS  AT  DIAPHRAGM  WALL  SEE  DWGS  02-52/251  8  252. 

3  FOR  PLAN  OF  EXPLORATIONS  SEE  OWGS.  02-52/260  8  261- 

4  FOR  GEOLOGIC  SECTIONS  ALONG  DIAPHRAGM  HULL  ALIGNMENT 

SEE  DWGS.  02-52/262  THROUGH  267 

5  FOR  PLAN  OF  EXISTING  INSTRUMENTATION  SEE  DWG.  Q2-52/272 

6  ALL  ELEV  ARE  MEAN  SEA  LEVEL.  SANDY  HOOK  DATUM 

7  FOR  SITE  RESTORATION.  SEE  SPECIFICATIONS 
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PROFILE 


GENERAL  NOTES 

I  FOR  GEOLOGIC  SECTIONS  ALONG  DIAPHRAGM  WALL  ALIGNMENT 
SEE  DWG  02-52/262  THROUGH  Q2-52/267 
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APPENDIX  D 
CONCRETE  PROBLEMS 


Provisions  were  made  in  the  bid  sohedule  to  test  core  concrete  in 
completed  elements  to  check  the  quality  of  the  tremie  ooncrete.  Of  the 
700  elements  in  the  Phase  I  contract,  including  the  switchyard,  49  were 
test  cored.  Of  the  556  elements  in  the  Phase  II  contract,  26  were 
cored. 

Zones  of  substandard  conorete  consisting  of  segregated  materials, 
uncemented  aggregates,  and  various  degrees  of  honeycombing,  were 
encountered  from  the  outset  and  steps  were  taken  to  alter  procedures  to 
remedy  the  problem.  These  problems  were  isolated  in  the  primary 
elements. The  discrepancies  logged  in  the  secondaries  were  usually  of  a 
minor  nature  or  could  be  explained  by  the  bit  temporarily  leaving  the 
element  in  annular  space  grout  on  uneven  side  walls. 

For  a  detailed  analysis  of  suspected  causes  and  tests  conducted  at 
the  project,  see  Holland  and  Turner,  Construction  of  Tremie  Concrete 
Cutoff  Wall.  Wolf  Creek  Dam,  Kentucky.  This  report  will  be  limited  to 
listing  the  chahges  in  procedures  used  in  attempt  to  oorreot  the  problem 
and  summarizing  the  results  found  from  the  test  borings. 

Numerous  corrective  actions  were  taken  throughout  the  contracts  to 
help  improve  the  ooncrete  quality.  The  firBt  action  was  to  delay  the 
placement  a  minimum  of  10  days  between  the  placement  of  annular  space 
grout  and  tremie  concrete  and  circulate  cool  water  in  the  permanent 
casing.  It  was  felt  that  the  heat  of  hydration  of  the  annular  space 
grout  was  raising  the  temperature  in  the  casing  sufficiently  to  cause  a 
flash  set. 

The  following  are  other  changes  instituted  in  the  Phase  I  contract: 

1.  Changed  the  retrievable  traveling  plug  from  a  basketball 
to  a  9.63  in.  pine  sphere. 

2.  Limited  the  height  of  the  tredie  pipe  off  the  bottom  of  the 
hole  to  0.3  ft.  for  the  first  30  seconds  of  placement. 

3.  Insured  good  seal  on  tremie  pipe  joints  by  heavy  usage  of 
grease  on  threads,  tightening  while  hammering, 

and  numbering  seotions  to  keep  same  order  of  string. 

4.  Limited  rate  of  conorete  rise  in  element  to  maximum  of  8 
feet  per  minute. 

5.  Limited  tremie  removal  rate  to  maximum  of  0.3  feet  per 
seoond. 

6.  Limited  slump  range  to  6.5  to  7.5  inches  from  the  original 
6  to  8  inches. 

7.  Limited  maximum  embedment  of  tremie  pipe  in  ooncrete  to  60 
feet. 

Most  of  the  above  changes  were  instituted  in  April  of  1977. 

During  the  Phase  II  contraot  centering  fins  were  added  to  the  tremie 
pipe;  and,  arguably  the  most  effective  ohange,  in  April  of  1978  a 
retarder  was  added  to  the  mix  design. 

Four  elements  experienced  a  loss  of  seal  during  placement.  After 
coring  the  seoond  to  lose  its  seal  -  P-303,  and  finding  substantia), 
segregation,  procedures  were  ohanged  from  the  specified  reinsertion  of  a 
dry  pipe  and  continuing  plaoement  to  termination  of  plaoement,  allowing 
plaoed  ooncrete  to  set,  reoleaning  the  element  and  only  then 


continuation  of  treaie  concrete. 

Table  D-l  lists  all  elements  in  whioh  the  oonorete  was  cored* 

Phase  1  followed  by  Phase  11*  priaariea  followed  by  secondaries. 
Individual  sections  are  in  order  of  date  ooncrete  plaoed.  Core  depths 
and  eleaent  depths  are  compared  (it  was  difficult  to  remain  within  the 
element  through  the  entire  depth).  The  remarks  section  indicates 
whether  the  concrete  was  deterained  to  be  sound*  describes  ainor 
problems  encountered,  or  refers  to  Table  D-2  if  major  problems  were 
present  or  if  further  investigations  or  remedial  aotions  were  made. 
Segregation  near  the  top  of  hole  (indicative  of  initial  oonorete  mixing) 
above  reservoir  level  may  be  omitted. 

Table  D-2  contains  narratives  of  those  problems  described  as 
significant  in  Table  D-l. 


TABLE  0-1 


COKim  ELEMEITS  TEST  CORED 


PHASE  I 

PRIMARY  ELEMENTS 
PLACED  tJSIMG  BASKETBALL 


ELEMEXT 

10. 

DATE 

COICRETE 

PLACED 

DATES 

COBED 

DEPTH 

BOLE 

DEPTH 

CORED 

REASOB 

IF 

SB08T 

REMARKS 

P-451 

22  APR  76 

11  EOT- 2  DEC  77 

ilsTi 

212.6 

Hit  Casing 

liGiincmlwiLEMs’" 

P-417 

30  APR  76 

2  MAR-  4  MAR  77 

213.4 

156.4 

Hit  Cuing 

Badly  Honeycoabed  61.2  to  64.0 
and  152.0  to  156.4 

P-473 

6  MAT  76 

14  IOV-  17  ROT  77 

214.5 

213.3 

Hit  Casing 

SIGI1FICAHT  PROBLEMS 

P-541 

14  MAT  76 

4  MAR-  8  MAR  77 

213.0 

212.1 

Hit  Cuing 

SIGIIFICAIT  PROBLEMS 

P-50# 

17  MAT  76 

17IQT-23  EOT  77 

213.1 

212.5 

Bit  Cuing 

SIGIIFICAIT  PROBLBB 

P-397 

27  MAT  78 

2  DEC-  12  DEC  77 

213.8 

89.4 

Hit  Cuing 

Badly  Honeycoabed  37.3  to  39.0 

Moderately  Boneycoabed  40.0  to  48.9 

P-395 

14  JUL  76 

25  FEB-  1  MAR  77 

213.3 

212.8 

Hit  Cuing 

Sandy  Grout  131.5  to  132.0 
and  132.2  to  133.2 

P-251 

18  AOG  76 

15  DEC-  19  DEC  77 

213.8 

212.8 

Hit  Cuing 

S1GIIFICART  PROBLEMS 

P-203 

17  SEP  76 

4  JAB-  5  JAB  78 

239.2 

129.0 

Hit  Cuing 

Midely  Scattered  Honeycombing 

P-507 

29  SEP  76 

24  FEB-  25  FEB  77 

213.1 

134.5 

Bit  Casing 

SIGIIFICAHT  PROBLEMS 

P-103 

13  OCT  76 

18  FEB-  21  FEB  77 

276.3 

233.3 

Hit  Cuing 

D.L.  52.9  to  53.0,  Sand  Nubed  Out 
is  Drill  Mater.  1/2  Core  tubed 

Out  u  Sand  in  Drill  Mater  105.4  to  100. 

P-179 

14  OCT  76 

2  101-  11  B07  77 

278.2 

277.0 

Bit  and  Rtaatr 
Twisted  OK 

SIGB1F1CAIT  PROBLEMS 

P-457 

14  IOT  76 

12  DEC-  15  DEC  77 

213.2 

177.8 

Hit  Cuing 

Bad  to  Moderate  Honeycombing  Throughout. 
Bo  Appreciable  Loss  ot  Core 

P-109 

9  DEC  76 

14  FEB-  17  FEB  77 

271.4 

278.4/ 

282.1 

Through  Cuing 
at  278.4 

SIGIIFICAIT  PROBLEMS 

P-303 

S  JAB  77 

22  FEB-  23  FEB  77 

213.0 

121.3 

lit  Cuing 

SIGIIFICAIT  PROBLEMS 

(Alio  P-303A-0,  <««  table  0-2) 


TABLE  D-l,  COVTIIUEO 


PHASE  1 

P1IMABT  ELEMEBTS 
PLACED  WITH  WOODEB  SPBESE 


ELEMEIT 

10. 

DATE 

C0BC8ETE 

PLACED 

DATES 

COBED 

DEPTH 

HOLE 

DEPTH 

COBED 

BEASOI 

IF 

SHQtT 

BEMABXS 

SP-285 

14  MAT  77 

20  JOB-  21  JOB  77 

100.4 

100.5/ 

102.8 

Through  Cuing 
at  100.5 

GOOD  COBCBETE 

P-465  19  MAT  77 

(Also  P-465A-B,  see 

14  FEB-  3  MAB  78 
table  D-21 

213.5 

212.6 

Plugged  in 
Mood  Ball 

SIGBIFICABT  FBOBLEMS 

P-341 

18  JOL  77 

6  FEB-  13  FEB  78 

213.2 

212.7 

Hit  Cuing 

O.L.  212.2  to  212.5,  Probably  froa 

Loosely  Counted  Aggregate 

P-427 

19  AOG  77 

25  ADG-  26  ADG  77 

213.3 

136.7 

Check  Zone  of 
Lost  Seal  Only 

SIGBIFICABT  FBOBLEMS 

P-313 

8  SEP  77 

6  JAB-  1  FEB  78 

213.1 

195.7 

Hit  Cuing 

SIGBIFICABT  FBOBLEMS 

PHASE  I 

SECOIDABT  ELEMEBTS 

PLACED  WITH  BASKETBALL 

S-474 

18  JOB  76 

6  AOG-  9  ADG  76 

212.8 

213.1/ 

213.5 

Lius  tone 
Below  213.1 

SIGBIFICABT  FBOBLEMS 

S-512 

14  JOL  76 

18  A0G-20  AOG  76 

212.7 

212.5/ 

216.1 

Liaestonc 
Below  212.5 

Loss  of  0. 1 ‘at  contact.  Probably  loosely 
counted  sand  wuhed  out  in  drill  uter. 

S-234 

15  SEP  76 

1  JOB-  7  JOB  77 

217.8 

217.9/ 

219.1 

Liaestonc 
Below  217.9 

Loss  of  0.1'  at  contact,  otherwise 
good  concrete. 

S-268 

23  B07  76/ 
14  DEC  78 

4  FEB-  5  FEB  77 

212.5 

65.0 

Check  Zone  of 
Lost  Seal  Only 

Treiie  pipe  stuck  during  placeunt. 
Stopped  placeunt, allowed  cone,  to  set  up 
Cleaned  cleunt  and  collated  placeunt. 
Good  cone,  outside  treiie  pipe. 

S-266A 

SAA 

5  FEB-  7  FEB  77 

212.5 

160.2 

Check  Zone 
Below  Treiie 
Pipe  only 

Loss  of  2.0'  in  poorly  counted 
segregated  sand  iuide  treiie  pipe. 

Good  concrete  below  pipe. 

TABLE  D-l,  CONTIIUED 


ELEKEIT 

10. 

DATE 

CONCRETE 

PLACED 

DATES 

COSED 

DEPTH 

HOLE 

DEPTH 

COBED 

BEASQI 

IF 

SBOIT 

BEMABXS 

S-266 

22  DEC  76 

6  FEB-  10  FEB  77 

212.5 

212.7/ 

222.9 

Liatstone 
Below  212.7 

Slightly  water  cut  210.2  to  211.5, 
otherwise  good  concrete. 

S-528 

1  FEB  77 

5  MAT-  16  MAT  77 

213.0 

212.6/ 

214.1 

Liaeitone 
Below  212.6 

50X  noraal  aggregate  (roa  158.0  to  170.0. 
Loss  of  0.6*  near  bottoa  due  to  hoaey- 
coabing  and  sand  washing  out  in  drill  water. 

S-432 

4  FEB  77 

5  APS-  6  APB  77 

213.1 

213.5/ 

215.8 

Liaeitone 
Below  213.5 

Loss  of  1.0'  at  bottoa, .  (prob.  sand 
and/or  clay  washed  out  in  drill  water). 
Tight  hole  by  Italic  water  test. 

S-442 

22  FEB  77 

3  MAY-  10  MAT  77 

212.5 

193.3/ 

202.1 

Ben  Out  Side 
Into  Liaeitone 

GOOD  COICBETE 

S-  522 

22  FEB  77 

18  APB-  20  APB  77 

213.3 

213.3/ 

219.3 

Liaeitone 
Below  213.3 

0.8’  loose  aggregate  at  bottoa  before 
running  into  liaeitone. 

S-114 

2  MAS  77 

24  MAT-  3)  MAT  77 

277.9 

179.2 

Ben  Out  Side 
Into  Clay 

50-75Z  noraal  aggregate  content  in 
several  zones  throughout  (oell-ceaeated) 

PHASE  I 

SECOIDABT  ELEMEITS 

PLACED  DSIIG  WOOD  SPHERE  (AS  HERE  ALL  REMAIIIIG  ELEMEITS) 

S-200 

14  APB  77 

17  MAT-  24  NAT  77 

246.2 

242.0/ 

247.8 

Ben  Out  Side 
Into  A.S.G. 

GOOD  COKRETE 

S- 108 

11  MAT  77 

8  JOB-  16  JUI  77 

278.3 

278.5/ 

281.8 

Liaeitone 
Below  278.5 

Loosely  ceaented  aggregate  and  poorly 
ceaented  sand  froa  278.3  to  278.5. 

SS-202 

14  MAT  77 

16  JOI-  20  JUI  77 

95.4 

95.3/ 

97.1 

Liaeitone 
Below  95.3 

Loss  of  0.1*  at  contact,  50-T5X  noraal 
aggregate  23.2-29.0  and  41.5-46.5. 

S-482 

21  JUI  77 

7  APE-  11  APR  77 

212.8 

212.8/ 

216.3 

Liaeitone 
Below  212.8 

GOOD  COICBETE,  leod  ball  cored  212.2-212.7. 

S-156 

6  ADO  77 

30  SEP*  7  OCT  77 

277.7 

275.9/ 

279.5 

lea  Out  Side 
Into  lock 

S1GIIFICAIT  PROBLEMS 

TABLE  D-l,  COMTIIUED 


ELEMEJT 

10. 

DATE 

COMCRETE 

PLACED 

DATES 

COSED 

DEPTH 

HOLS 

DEPTH 

COSED 

SEASOS 

IP 

SHOBT 

BE  MASKS 

S- 138 

12  AUG  77 

13  SEP-  15  SEP  77 

277.5 

200.5/ 

216.4 

Ban  Out  Side 
Into  Sock 

25-751  noraal  aggregate  content  in 
leveral  tones  throughout  core. 

S-392 

23  ADS  77 

22  MAI-  29  MAS  77 

213.0 

212.0/ 

218.8 

Liaestone 
Belov  212.9 

0.7'  loosely  ceaented  aggregate  at  contact 

S-168 

24  AW3  77 

27  SEP-  29  SEP  77 

277.5 

109.1/ 

113.1 

Ban  Out  Side 
Into  Clay 

50Z  noraal  aggregate  in  several  tones. 

S-168A 

S  AA 

10  OCT-  14  OCT  77 

277.5 

101.8/ 

108.9 

Ban  Out  Side 
Into  Clay 

GOOD  COICSETE 

S- 186 

1  SEP  77 

24  OCT-  27  OCT  77 

267.2 

266.2/ 

268.7 

Ban  Out  Side 
Into  lock 

0.5'  loss  at  contact, (prob. sandy 
grout  vashed  out  in  drill  nater). 

S-370 

11  OCT  77 

15  MAS-  20  MAS  76 

212.7 

212.0/ 

219.4 

Ban  Out  Side 
Into  Bock 

Loose  aggregate  vith  traces  o(  poor 
ceaentation  at  contact.  (0.2') 

S-278  13  OCT  77  3  Mil-  7  MO  78 

(Also  S-278A-B,  See  Table  D-2) 

213.1 

212.5/ 

210.4 

Ban  Out  Side 
Into  Bock 

SIGMIFICAIT  PROBLEMS 

S-220 

27  OCT  77 

1  MAS-  2  MAB  78 

217.5 

218.6/ 

221.6 

Liaestone 
Belov  218.6 

GOOD  COICBETE 

S-292 

4  «0f  77 

8  MAS-  13  MAS  78 

213.0 

206.3/ 

200.1 

Ban  Out  Side 
Into  lock 

GOOD  COICBETE 

S-352 

11  W?  77 

14  MAS-  15  MAS  76 

212.5 

113.8/ 

110.2 

Ban  Out  Side 
Into  A.S.6. 

GOOD  COICBETE 

S-502 

16  HI  77 

14  API-  19  API  78 

212.6 

177.0/ 

182.1 

Ian  Out  Side 
Into  Clay 

Less  than  252  noraal  aggregate 
distribution  89.0-93.0'. 

$-242 

17  107  77 

20  DEC-  21  DEC  77 

212.5 

09.2/ 

104.2 

Ian  Out  Side 
Into  Clay 

25-502  noraal  aggregate  distribution 
in  several  tones. 

S-328 

13  DEC  77 

13  MU-  14  MAB  78 

213.0 

138.1/ 

144.0 

Ian  Out  Side 
Into  Clay 

GOOD  COICBETE 

TABLE  D-l.  CORIIDED 


ELEMEKT 

10. 

DATE 

COICBETE 

PUCED 

DATES 

COBED 

DEPTH 

BOLE 

DEPTH 

COBED 

BEASOI 

IF 

SBOBT 

BEMABXS 

S-4B2 

5  JAM  78 

13  AFB-  19  APB  78 

212.5 

212.4/ 

216.0 

Linestone 
Belov  212.4 

50-752  nornal  abrogate  distribution  in 
several  zones. 

S-412 

6  JAI  78 

20  MAB-  21  MAS  78 

212.8 

115.1/ 

119.3 

Ban  Out  Side 
Into  Clay 

502  nornal  aggregate  distribution 
77.8-91.3’. 

PHASE  II 

P1IVART  ELEMENTS 
PUCED  HTHODT  BETABDED  MIX 


P-761 

4  JAM  78 

1  HAT-  5  MAT  78 

213.0 

213.0 

I/A 

GOOD  COICBETE 

P-797 

2  FEB  78 

24  APB-  16  MAT  78 

213.3 

212.8 

Bit  Casing? 

SIGIIFICAIT  PBOBLEMS 

P-845 

31  MAS  78 

9  MAT-  10  MAT  78 

249.9 

107.8 

Hit  Casing 

GOOD  COICBETE 

P-805  3  APB  78  15  JOB-  16  JOI  78 

(Also  P-805A,  see  table  D-2) 

213.3 

108.9 

Hit  Cuing 

SIGIIFICAIT  PBOBLEMS 

P-773  3  APB  78 

(Also  P-773A-B,  see 

5  JOI-  5J0L  78 
table  D-2) 

213.1 

100.0 

Hit  Cuing 

SIGIIFICAIT  PBOBLEMS 

P-571 

5  APB  78 

28  JOI-  5  JOL  78 

213.2 

213.0 

I/A 

Scattered  areas  o(  honeycoab 

PHASE  II 

PBIHABT  ELEMEITS 

PLACED  OSIK  BETABDED  MIX 

P-611 

9  JOI  78 

28  JOL-  3  AOG  78 

212.8 

212.7 

I/A 

Scattered  areu  of  honeycoab 

P-1001 

13  JOI  78 

25  JOL-  26  JOL  78 

173.3 

104.9 

Hit  Cuing 

GOOD  COICBETE 

P-985 

14  JOI  78 

26  JOL-  27  JUL  78 

173.2 

119.0 

Bit  Cuing 

GOOD  coicim 

P-1917 

23  JOI  78 

7  ADO-  21  AOG  78 

172.7 

120.5 

Hit  Cuing 

GOOD  COICBETE 

P-989 

12  OCT  78 

26  FEB-  1  MAB  79 

173.1 

145.9 

Hit  Cuing 

GOOD  COfCBETK 

TABLE  D-l,  COITIIUED 


PHASE  II 

SECOIDABT  ELEHEIT 

PLACED  MITHOUT  DSIIG  IETABDED  MIX 

aasns  dates  depth  depth  reasoi  bemabxs 

10.  COICBETE  cobed  hole  cobed  if 

placed  sbobt 


S-552 

13  FEB  78 

11  MAT-  18  MAT  78 

213.2 

109.2/ 

110.6 

Ban  Out  Side 
Into  Clap 

GOOD  COICBETE 

PHASE  II 

SECOIDABT  ELDERS 

PLACED  DSIIG  BETABDED  MIX 

S-S26 

12  MAT  78 

13SEP-  14  SEP  78 

212.5 

78.0/ 

79.4 

Baa  Out  Side 
Into  Clay 

GOOD  COICBETE 

S-724 

17  JOH  78 

13  SEP-  15  SEP  78 

212.8 

212.2 

Plugged  in 
Mood  Ball 

Slight  segregation  189-172* ,  and 
179.6  to  182.7*. 

S-928 

21  JUI  78 

21  DEC  78-16  JAI  79 

218.8 

119.9/ 

124.2 

Ban  Out  Side 
Into  Clay? 

GOOD  COICBETE 

S-660 

5  JOL  78 

18  SEP-  21  SEP  78 

212.8 

117.6/ 

119.3 

Ban  Out  Side 
Into  Clap 

GOOD  COICBETE 

S-570 

13  JUL  78 

22  AUG-  28  AUG  78 

212.5 

210.0/ 

212.4 

Ban  Out  Side 
Into  Bock 

GOOD  COICBETE 

S-634 

12  SEP  78 

25  OCT-  27  OCT  T8 

213.0 

213.0/ 

213.9 

Liwttone 
Belov  213.0 

GOOD  COICBETE 

S-682 

27  OCT  78 

11  DEC-  15  DEC  78 

212.8 

212.9/ 

215.4 

Liaeitone 
Belov  212.9 

GOOD  COICBETE 

S-708 

1  WT  78 

18  DEC-  21  DEC  78 

212.8 

212.4/ 

214.1 

Liautone 
Belov  212.4 

S1GIJF1CAIT  PBOBLEMS 

S-852 

8  DEC  78 

7  MAB-  9  MAB  79 

259.9 

149.5/ 

144.0 

Ian  Out  Side 
Into  A.S.Q. 

GOOD  COICBETE 

S-B90 

31  JAI  78 

1  AUG-  7  AUG  79 

258.9 

230.0 

Baa  Out  Side 
late  A.S.G. 

GOOD  COICBETE 

TABLE  D-|.  COITIIDED 


ELEKEIT 

HO. 

DATE 

COICBETE 

PLACED 

DATES 

CORED 

DEPTH 

BOLE 

DEPTH 

CORED 

REASOK 

IF 

SHORT 

Btums 

S-942 

28  FEB  79 

18  JOL-  23  JOL  79 

178.5 

178.4/ 

179.4 

Liweitone 
Below  178.4 

GOOD  COICBETE 

S- 1046 

8  JDK  79 

23  JOL-  24  JOL  79 

172.5 

86.1/ 

89.3 

Ran  Out  Side 
Into  A.S.G. 

GOOD  COICBETE 

S-1012 

20  JOI  79 

24  JOL-  27  JOL  79 

172.7 

142.1 

Ban  Out  Side 
Into  Rouk 

GOOD  COKIETE 

S- 1088 

28  JOI  79 

31  JOL-  1  AOG  79 

172.6 

110.7/ 

114.2 

Ran  Out  Side 
Into  A.S.G. 

GOOD  COKRETE 

TABLE  D-2 


TEST  CORES  WHICH  REVEALED 
POSSIBLE  SIGNIFICANT  PROBLEMS 


P-451 .  P-451  was  the  first  element  to  be  placed  which  was  subse¬ 

quently  test  cored.  No  difficulties  were  reported  during  placement. 
Information  from  the  concrete  placement  form  showed  that  the  tremie 
pipe  was  initially  raised  three  feet  off  the  bottom  and  that  no  slump 
or  air  content  tests  were  run. 

Very  good  concrete  was  logged  for  the  first  132.5  feet.  Scattered 
throughout  the  remainder  of  the  core  were  several  small  pockets  of 
variously  segregated  structures,  including  loose  aggregate,  less  than 
normal  aggregate  quantity  and  honeycombing,  bud  all  showing  evidence  of 
cementation.  One  zone  of  slightly  less  than  two  feet  of  lost  core  was 
encountered,  described  as  sand  washing  out  in  drill  water.  Drilling 
was  stopped  when  the  bit  hit  the  bottom  of  the  permanent  casing  at 
212.6  feet. 

The  hole  was  subsequently  washed  and  backfilled  with  1:1  by  volume 
neat  cement  grout.  Grout  began  flowing  from  the  top  of  the  hole  after 
approximately  13  cubic  feet  had  been  pumped.  The  volume  of  an  NQ  hole 
to  212.6  feet  is  less  than  11  cubic  feet. 


P-473 .  This  element  was  placed  with  the  tremie  pipe  initially  set 
3.7  feet  off  the  bottom.  Slump  was  recorded  as  8  inches,  air  as  7.5X. 
No  difficulties  were  reported. 

The  first  30  feet  of  core  showed  poor  quality  concrete,  with 
segregated  grout,  sand  and  honeycomb  structures.  The  remainder  of  the 
core  showed  occasional  moderate  to  slight  honeycomb  structures  and  four 
small  pockets  of  segregation  consisting  of  grout  and  loose  aggregate. 

The  hole  was  washed  thoroughly  and  backfilled  with  a  3:1  neat 
grout  using  one  pound  of  Intraplast  "N"  per  bag  of  cement.  Intraplast 
"N"  is  a  chemical  additive  normally  used  in  pressure  grouting 
operations  to  retard  set  and  allow  greater  penetration.  It  was  hoped 
that  the  thin  mix  plus  the  additive  would  cause  greater  saturation  of 
the  more  porous,  less  the  normally  cemented  zones. 

Two  days  later,  the  hole  was  taped  and  found  to  measure  170  feet, 
with  some  resistahce  met  at  105  feet.  Grout  pipe  was  inserted  to  126 
feet  and  rebackfilled  with  the  same  mix.  The  hole  was  topped  off  a 
final  time  after  having  settled  to  about  20  feet. 


P-541 .  During  placement  of  this  element  the  tremie  pipe  was 
initially  set  at  2.5  feet  off  the  bottom.  The  slump  was  reoorded  as  6 
inches  and  the  air  at  6.5%.  A  35  minute  delay  was  experienced  before 
batch  numbs*  3,  with  the  top  of  conorete  at  102  feet. 

The  test  core  showed  segregation  from  50  to  114  feet,  and  again 
from  209  to  212.1  feet  where  the  casing  was  hit.  The  segregated  zones 
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inoluded  sandy  concrete  with  less  than  noraal  coarse  aggregate*  lost 
core  with  sand  having  washed  out  in  the  drill  water ,  neat  grout  and 
loose  aggregate.  Various  degrees  of  honeyooabing  were  also  noted. 

Total  lost  core  measured  0.9  feet.  ^ 

The  hole  was  later  washed  and  baokfilled  with  a  0.75:1  neat  grout. 

Grout  broke  the  surface  after  approximately  10  oubio  feet  had  been 
pumped.  The  volume  of  an  NQ  hole  to  212.1  feet  is  slightly  greater 
than  10  cubic  feet. 


P-509.  During  placement,  the  tremie  was  initially  set  at  2.5  feet 
off  the  bottom.  Slump  was  recorded  as  6.5  inches  and  air  at  6.5%. 

There  were  no  difficulties  reported  in  the  placement. 

The  test  core  log  showed  a  0.1  foot  unaccounted  loss  in  a  3  foot 
zone  of  a  badly  honeycombed  structure,  and  a  4  foot  loss  with  sand 
washing  out  in  drill  water  prior  to  the  bit  hitting  bottom  of  casing 
(208.7-212.5  feet).  Other  than  those  discrepancies  and  some  minor 
segregation  in  the  top  portion  of  the  oonorete,  only  minor  honeycombing 
was  encountered. 

The  hole  was  backfilled  with  no  excess  quantity  of  grout.  A  3:1 
mix  with  Intraplast  was  used. 


P-251 .  This  element  was  placed  with  no  difficulties  or  delays 
noted.  Initial  tremie  setting  was  1.2  feet  above  the  bottom.  The 
slump  was  recorded  as  7.5  inches  and  the  air  at  6.9%. 

The  entire  test  core  was  spotted  intermittently  with  honeycomb 
structures  ranging  from  slight  to  high.  There  were  several  instances 
of  less  than  normal  aggregate,  but  in  well  cemented  oonorete.  Three 
pockets  of  segregation  are  worth  noting:  A  zone  of  less  than  3  feet  of 
loose  coarse  aggregate  of  which  0.1  foot  was  called  an  unaooountable 
loss;  a  0.2  foot  zone  of  loose  ooarse  aggregate;  and  0.3  foot  of 
unaccountable  loss  at  the  bottom  of  the  hole  adjacent  to  the  casing. 
The  bit  intercepted  the  casing  at  212.8  feet. 

The  hole  was  washed  and  baokfilled  with  a  1:1  neat  grout  with  no 
exoesa  noted. 


P-507.  This  element  was  placed  with  the  tremie  initially  set  at  0.6 
feet  off  the  bottom.  There  were  in  difficulties  in  the  plaoement. 

The  first  batoh  was  described  as  wet,  the  remainder  were  hood. 

Many  zones  of  segregation  were  seen  in  the  core.  Zones  of 
honeycomb,  loose  ooarse  aggregate  and  sandy  grout  ooour  throughout. 

Two  zones  of  lost  core  are  shown  and  appear  to  be  sand  washed  out  in 
drill  water.  The  casing  was  intercepted  at  134.5  feet  in  a  sons  of 
lost  core.  No  redrill  was  attempted. 

The  hole  was  washed  to  its  original  depth  and  baokfilled  with  1:1 
neat  grout.  No  indication  was  made  of  how  nuoh  grout  it  actually  took 
to  fill  the  hole. 


P-179.  The  oonorete  was  placed  with  no  difficulties.  The  tremie 
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pipe  was  placed  approximately  0.9  feet  above  the  bottom  of  the  casing. 
The  slump  was  recorded  as  6.0  inches  and  the  air  at  5.6X.  The  concrete 
was  cored  to  the  bottom  to  the  oasing,  277.6  feet  in  depth.  Good 
quality  concrete  was  recovered  to  147.6  feet.  Below  that  depth  several 
zones  of  segregated  materials  were  enoountered  consisting  mainly  of 
loose  ooarse  aggregate ,  honeycomb  structures ,  and  less  then  normal 
aggregate.  Lost  oore  was  manifest  in  3  sections  of  segregation  and  was 
described  as  sand  washed  out  in  drill  water.  About  2  feet  of  loose 
aggregate  was  lift  in  the  hole  as  indicated  by  rough  drill  action  and 
core  barrel  markings.  At  277.6  feet  the  bit  and  reamer  twisted  off  and 
was  left  in  the  hole.  This  bottom  zone  was  probably  a  poorly  oemented, 
washed  concrete,  and  as  the  sand  was  washed  by  the  drill  water  the 
loose  aggregate  preceded  the  bit  with  a  rolling  action  helping 
disintegrate  the  vertically  adjacent  concrete.  The  loose  aggregate 
then  continued  to  increase  and  build  up  torque  on  the  drill  stem.  This 
aggregate,  having  nothing  to  hold  it  in  the  inner  barrel,  settled  to 
the  bottom  of  the  hole  when  the  stem  was  pulled.  This  also  probably 
explains  those  zones  of  loose  aggregate  recovered  in  many  of  the  other 
holes  at  various  depths,  retrievable  at  any  depth  below  which  good 
concrete  was  cored. 

Grout  pipe  was  washed  to  277  feet  and  the  hole  cleaned  thoroughly. 
It  was  then  backfilled  with  a  3:1  mix  using  1  pound  Intraplast  "N"  per 
bag  of  cement.  The  next  day  it  was  noted  that  the  hole  had  set  up  only 
to  128  feet.  It  was  backfilled  with  a  neat  1:1  mix  using  1  pound  of 
the  additive  per  bag.  No  volumes  were  recorded. 


P-109 .  While  placing  concrete  in  this  element,  a  tremie  pipe 
blockage  was  experienced  with  the  bottom  of  the  pipe  at  155  feet.  The 
entire  pipe  was  subsequently  removed  from  the  hole,  breaking  the  seal. 
The  pipe  was  cleared,  reinserted  and  the  pour  continued.  Poor  quality 
concrete  resulted  from  the  broken  seal  and  the  subsequent  mixing  and 
agitation. 

The  concrete  was  cored  through  the  entire  element  and  into 
limestone.  Much  of  the  concrete  above  256  feet  was  observed  to  be  in  a 
state  of  segregation,  with  sand  and  ooarse  aggregate  pockets,  honeycomb 
and  water  cut  structures  abundant. 

It  was  attempted  to  wash  the  hole  to  prepare  for  backfilling,  but 
difficulties  were  encountered  whioh  forced  abandonment  of  the  hole 
below  165  feet.  It  was  backfilled  to  165  feet  with  1:1  neat  grout,  and 
when  set  was  obtained,  was  redrilled  to  282  feet  and  regrouted  the 
entire  depth. 

To  reoheck  the  hole,  it  was  cored  again,  reaching  only  176.4  feet, 
ruining  3  new  bits  in  the  last  17  feet.  Having  seen  enough  oore  to 
confirm  the  necessity  of  major  repair,  the  Corps  direoted  the 
contractor  to  correot  the  faulty  conorete. 

ICOS  redrilled  the  element  to  256.9  feet,  below  whioh  the  oore 
indicated  good  concrete.  They  utilised  a  Hughes  drill  with  a  24  inch 
roller  bit.  37.5  cubic  yards  of  ooncrete  were  replaced  with  no  further 
difficulties. 
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P-303 .  This  elsaent  was  the  seoond  of  three  primary  elements  to 
suffer  from  a  broken  seal  during  placement •  With  the  bottom  of  the 
tremie  pipe  at  115  feet  and  the  top  of  oonorete  at  102  feet*  the  pipe 
was  raised  in  an  attempt  to  free  oonorete  which  had  filled  the  pipe  and 
hopper.  The  pipe  refused  to  go  baok  down.  It  was  then  neoessary  to 
pull  the  pipe  intirely  from  the  hole*  breaking  the  seal.  102  feet  of 
pipe  was  reinserted  into  the  hole*  raised  one  foot*  and  the  pour 
completed.  It  was  noted  that  the  first  batch  may  have  been  too  dry. 

The  slump  and  air  in  the  fourth  batch  were  measured  at  7.5  inches  and 
6.75%. 

The  concrete  was  cored  with  very  poor  quality  obtained  in  the 
vicinity  of  the  broken  seal.  Prom  80  to  121.3  feet  (where  drilling  was 
terminated  due  to  hitting  casing)  the  ooncrete  was  badly  honeycombed, 
water  out*  and  there  were  several  areas  of  loose  aggregate  and  lost 
core  where  the  sand  had  washed  out  in  the  drill  water. 

The  hole  was  washed  and  baokfilled  with  a  0.75:1  neat  grout. 
Substantially  more  grout  was  needed  than  the  computed  volume  of  an  NQ 
hole  to  that  depth. 

The  element  was  later  reoored  from  a  different  position.  Thb  same 
general  results  were  obtained;  the  bad  zones  tended  to  match,  although 
the  vertical  dimensions  and  exaot  nature  of  the  core  differed.  There 
was  considerably  more  lost  core  from  100  to  120  feet  on  the  second 
boring.  The  casing  was  hit  at  147.8  feet*  halting  drilling. 

Since  the  poor  quality  oonorete  was  of  an  extreme  nature,  the 
Corps  directed  the  contractor  to  correct  the  element  to  140  feet.  The 
nature  of  the  concrete  below  147  feet  was  not  known*  the  variable 
hardness  of  the  previously  cored  concrete  making  vertical  alignment 
very  difficult  for  the  drill  stem.  The  oonorete  below  140  feet  would 
be  reoored  after  the  contractor  opened  the  element  to  140  feet.  I COS 
used  the  Hughes  drill  and  24  inch  roller  bit.  The  final  depth  drilled 
was  140.2  feet. 

Two  attempts  were  made  to  core  the  lower  portion  of  this  element 
from  140.2  feet.  Each  attempt  resulted  in  casing  interception  after 
approximately  6  feet.  To  start  a  straight  hole  ICOS  inserted  140  feet 
of  tremie  pipe  in  the  hole,  stabilized  with  fins.  Drilling  inside  the 
pipe,  core  was  obtained  to  192.4  feet.  No  lost  core  was  encountered. 

The  core  showed  several  zones  of  honeycomb  structures  and  several  zones 
of  loose  aggregate  with  signs  of  oementation.  The  lowest  zone  of  loose 
coarse  aggregate  with  signs  of  oementation.  The  lowest  zone  of  loose 
coarse  aggregate  was  188.8  to  190.6  feet.  This  aggregate  kept  falling 
baok  into  the  hole,  causing  the  ruining  of  two  new  bits.  The  drill  was 
pulled  off  the  hole  at  this  point.  On  analysis  of  the  core*  mechanical 
action  of  aggregate  below  the  bit  was  determined  to  be  the  causative 
agent  in  core  segregation.  Cementation  is  apparent  on  the  aggregate 
and  it  is  believed  to  have  been  intaot  before  drilling.  ^ 

The  core  hole  was  oleaned  and  backfilled  with  a  1:1  neat  grout  and  ) 
20  cubic  yards  of  tremie  ooncrete  filled  the  element  from  140.2  feet. 


P-465 .  This  is  the  first  element  to  be  cored  whioh  had  ooncrete 
plaoed  with  the  revised  procedure  initiated  during  Phase  I.  A  wooden 
ball  was  used  and  the  tremie  pulled  only  0.3  foot  off  the  bottom.  No 
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difficulties  were  reported  during  the  plsoenent.  The  air  was  reported 
to  be  4.5%  and  the  slump  7  inohea. 

The  element  was  cored  through  the  oenter  of  the  element  to  212.6 
feet  Where  the  casing  was  intercepted.  Only  moderate  honeycombing  and 
occasional  slight  segregation  were  encountered  to  113.6  feet.  From 

113.6  to  115.5  feet  no  core  was  recovered.  This  area  was  logged  as 
sand  washed  out  in  drill  water.  No  aggregate  was  recovered.  Only 
minor  discrepancies  were  described  to  exist  in  the  core  from  155.5  feet 
to  the  bottom.  The  wooden  ball  was  oored  and  recovered  from  212.0  to 

212.6  feet. 

In  an  attempt  to  recheok  the  zone  from  113  to  155  feet,  a  new  hole 
was  drilled  approximately  3  inches  from  the  upstream  edge  of  the 
casing.  This  hole  intercepted  the  original  hole  at  67.5  feet  and  was 
abandoned.  A  third  hole  was  drilled  on  the  extreme  downstream  edge  of 
the  casing.  It  was  taken  to  164.7  feet,  a  sufficient  depth  below  the 
bad  zone.  The  only  evidence  of  bad  oore  was  a  zone  from  126.5  to  130 
feet  where  there  was  less  than  50%  normal  coarse  aggregate  but  good 
cementation. 

The  three  holes  were  subsequently  washed  and  grouted  with  a  1:1 
neat  mix.  In  an  attempt  to  determine  if  the  two  deeper  holes  were 
connected,  the  water  level  in  one  was  lowered  while  the  other  was  being 
washed.  The  level  of  the  water  did  not  rise,  indicating  no  significant 
communication.  No  further  action  was  taken  on  this  element. 


P-427 .  This  was  the  third  primary  to  suffer  a  broken  seal,  and  the 
first  to  use  the  revised  procedure  of  halting  placement,  allowing  the 
concrete  to  set,  recleaning  and  then  resuming  placement. 

Placement  was  halted  with  the  concrete  77  feet  below  the  top  of 
casing  due  to  a  clogged  tremie,  whioh  necessitated  breaking  the  seal  at 
that  point.  The  concrete  was  cored  from  77  feet  to  136.7  feet  with 
unsound  concrete  encountered  from  77  feet  to  115.7  feet.  The 
contractor  drilled  out  the  concrete  to  a  depth  of  127  feet  with  a  24 
inch  bit  and  completed  tremie  operations. 


P-313.  P-313  was  the  last  Phase  I  element  placed  which  was  test 
oored.  It  was  placed  with  no  difficulties  noted. 

The  concrete  cored  was  of  good  quality  with  only  several  zones  of 
subnormal  aggregate  to  a  depth  of  179.3  feet.  From  179.3  to  189.0  feet 
a  zone  of  unaccountable  loss  was  recorded.  Neither  the  geologist  nor 
the  driller  noted  any  ohanges  in  drill  action  or  speed.  The  bit, 
however,  was  very  worn  and  was  due  to  be  replaced  after  that  run.  No 
aggregate  was  recovered  on  the  next  run.  These  faots  indicate  a 
cemented  sandy  zone  is  present  at  that  depth  whioh  desintegrates  when 
mechanioal  action  of  the  bit  combined  with  the  water  pressure  needed  at 
that  depth  act  on  the  core.  The  worn  nature  of  the  bit  probably 
contributed  to  the  meohanical  breaking  and  subsequent  grinding  as  well. 
The  hole  was  continued  to  195.6  feet  at  which  point  the  bit  intercepted 
the  casing. 

The  hole  was  washed  and  baokfilled  with  1:1  neat  grout.  No  further 
action  was  taken. 
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S-474 .  This  element  contained  a  sequence  of  grout  from  70.6  to  70.9 
feet;  followed  by  red  clay  from  70.9  to  71.3  feet;  and  baok  into  grout 
from  71.3  to  74.1  feet.  After  examination  of  the  core  it  was 
determined  that  the  clay  had  fallen  in  from  the  side  of  the  hole  during 
placement.  The  hole  was  pressure  tested  for  confirmation.  The  test 
indicated  no  leakage.  It  was  subsequently  reamed  to  6  inches  in 
diameter  in  order  to  run  a  closed  circuit  monitoring  device  down  the 
hole.  No  apparent  cavitation  was  found.  The  hole  was  backfilled  and 
no  further  action  was  taken. 


S-156 .  The  test  core  showed  25  to  50X  normal  aggregate  from  162.0 
to  190.0  feet.  The  most  significant  anomaly,  however,  was  an  area  of 
soft  annular  space  grout  2 . 2  feet  thick  between  the  concrete  and 
limestone  contact.  After  drilling  was  completed  an  elbow  was  put  on 
the  grout  pipe  and  the  bottom  of  the  hole  was  washed  thoroughly.  Some 
drill  cuttings,  gelled  bentonite,  and  flakes  of  annular  space  grout 
were  washed  out.  The  hole  was  pressure  tested  and  found  to  be 
reasonably  tight.  The  hole  was  backfilled  eight  months  later  with  12 
cubic  feet  of  1:1  neat  grout.  It  was  later  determined  that  there 
probably  was  no  significant  problem,  that  the  most  probable  explanation 
was  that  the  bit  had  left  the  side  of  the  element  before  encountering 
rock. 


S-278.  This  element  had  two  zones  of  lost  core;  from  196.9  to 
199.4,  and  from  200.5  to  210.5  feet.  Both  losses  were  determined  to 
be  from  the  drill  running  into  the  annular  space  grout  around  P-279. 

The  hole  was  rechecked  by  drilling  two  other  test  holes.  These  hoi As 
showed  reasonably  good  concrete  throughout.  All  three  holes  were 
backfilled  the  same  day  and  during  baokfilling  the  holes  were  monitored 
to  see  if  there  was  any  communication.  None  was  observed. 


P-797 .  P-797  was  the  first  element  test  cored  during  Phase  II  which 

was  believed  to  have  significant  discrepancies  in  the  oonorete.  the 
concrete  was  placed  without  retarder.  The  slump  was  recorded  as  6.5 
inches  and  the  air  content  at  5.5X.  The  concrete  temperature  was  55 
degrees  F.  Approximately  0.5  foot  of  sandy  grout  was  observed  as  the 
concrete  rose  to  the  surface.  The  element  was  cored  to  the  bottom  of 
the  casing  at  212.8  feet. 

The  top  10  feet  of  concrete  revealed  aggregate  content  ranging 
from  little  or  none  at  the  top  of  the  boring  to  a  good  distribution  at 
the  base  of  this  zone.  It  remained  of  good  quality  to  a  depth  of  70.2  } 

feet  where  slight  segregation  was  noted  in  a  zone  whioh  extended  to 
89.4  feet.  Good  quality  dominated  the  remainder  of  the  hole  with  the 
exception  of  a  one  foot  zone  of  loose  cement  ooated  aggregate  from 
136.0  to  137.0  feet.  The  hole  was  backfilled  with  1:1  neat  grout  with 
no  exoess  take  recorded. 
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P-805 .  This  element  was  plaoed  without  retarder.  The  slump  and  air 
content  were  not  recorded.  The  oonorete  temperature  was  69  degrees  F. 
Less  than  one  foot  of  sandy  grout  was  noted  as  the  conorete  rose  to  the 
surface.  The  tremie  placement  was  conducted  without  difficulty. 

Zones  of  slight  to  moderate  honeycomb  were  recorded  between  the 
start  of  the  core  at  2  feet  to  39.2  feet.  Good  quality  conorete  was 
recovered  from  39.2  to  75.0  feet  were  drill  action  became  rough  and 
broken  core  was  recovered.  The  drilling  continued  although  very  rough 
drill  aotion  was  noted  and  the  oore  exhibited  some  segregation  and 
honeycombing.  Mechanical  trouble  occurred  and  probably  resulted  in  an 
8.3  foot  core  loss  between  99.6  and  108.5  feet.  The  oore  ran  into  the 
side  of  the  26  inch  casing  at  108.9  feet.  The  core  above  this  depth 
contained  signs  of  washing  and  was  of  a  somewhat  reduced  diameter 
indicating  that  the  bit  may  have  been  following  the  side  of  the  oasing 
for  20  or  30  feet.  The  element  was  redrilled  with  the  second  boring 
reaching  the  bottom  of  the  steel  oasing  at  213.0  feet.  The  core 
recovered  was  of  much  better  quality.  The  top  10.6  feet  revealed  some 
aggregate  segregation  and  moderate  honeycombing.  From  13.1  to  the 
bottom  of  the  element  only  small  scattered  zones  of  segregation  were 
present.  Loose  coarse  aggregate  with  a  cement  coating  was  recovered  in 
a  narrow  zohe  from  172.7  to  172.9  feet.  All  remaining  core  was  solid 
and  no  core  losses  were  recorded.  The  holes  were  backfilled  using  the 
emulsifier  Intraplast  "N"  in  a  3:1  neat  grout  mix.  The  borings  were 
later  topped  off  with  1:1  grout. 


P-773 .  Concrete  was  placed  without  the  retarder  admixture.  No 
problems  were  encountered  during  the  placement  procedures.  It  was 
noted  that  approximately  one  foot  of  sandy  grout  rose  to  the  surface 
prior  to  seeing  well  mixed  conorete.  The  slump  and  air  content  were 
not  recorded.  The  temperature  of  the  concrete  was  a  constant  68 
degrees  F.  This  element  was  cored  with  three  different  attempts  needed 
to  penetrate  the  concrete  to  a  sufficient  depth  to  satisfy  the 
testing  program.  The  first  boring  hit  the  side  of  the  26  inch  casing 
at  100.0  feet.  The  second  attempt  hit  the  casing  at  85.0  feet.  The 
third  was  drilled  to  some  1769  feet  into  the  conorete  before  it  also 
intercepted  the  side  of  the  oasing. 

All  three  of  the  borings  revesled  slight  to  moderate  honeyoomb  and 
different  degrees  of  aggregate  segregation.  The  most  severe 
segregation  oocurred  between  114.4  and  159.3  feet.  Zones  of  broken 
conorete  and  in  several  oases  loose  aggregate  were  reoorded,  as  was 
some  unaccounted  losses.  In  the  cones  where  no  oore  was  recovered  the 
drill  return  water  contained  excessive  amounts  of  sandy  grout  and  where 
aggregate  only  was  reoovered  it  was  coated  with  cement  mortar.  Rough 
drilling  was  also  noted  in  these  cones.  It  is  believed  that  although 
segregated!  the  concrete  was  solid  until  broken  by  the  oore  drilling. 
The  conorete  beneath  this  cone  was  of  good  quality.  The  three  bore 
holes  ward  flushed  clean  and  backfilled  using  a  3:1  neat  grout  with 
Intraplast  "N".  All  holes  were  filled  from  a  tremie  pips  lowered  into 
the  deepest  hole,  indicating  oommunioation  existed  between  the  three. 

No  further  aotion  was  taken  on  this  element. 
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8-706 .  Concrete  was  placed  in  this  element  with  tests  indicating  a 
7  inch  slump  and  6.75X  air.  The  ooncrete  temperature  was  65  degrees  F. 
The  top  158  feet  of  core  indicated  good  quality  ooncrete.  From  158.0 
to  182.8  some  slight  segregation  was  noted  in  three  small  zones.  The 
core  was  solid  but  contained  only  about  SOX  of  the  normal  amount  of 
coarse  aggregate.  At  the  contaot  some  0.4  foot  of  rounded  quartz  and 
limestone  pebbles  were  recovered.  A  falling  head  test  showed  a  tight 
hole.  The  hole  was  baokfilled  and  no  further  action  was  taken  on  the 
element .  ' 


APPENDIX  B 


CONSTRUCTION  PHOTOGRAPHS 


1.  Aerial  view  of  Wolf  Creek  Dam  with  ooncrete 
diaphragm  wall  work  platform  under  construction 


7.  Concrete  guidewalls.  Note  offset  for  tailtower 
section. 


8.  Switchyard  guidewalls. 


9.  Detour  of  U.S.  Highway  127  around  embankment 
work  platform.  (With  slight  mishap. ) 


11.  Prime  contractor  brought  in  equipment  from 
world  wide  locations. 


15.  Close-up  of  bentonite  treatment  plant. 


v< 


18.  Primary  element  filled  with  slurry. 


.  Casing  driver  in  operation. 


22.  Adding  section  of  casing  as  hole  advance 
note  flush  joint  casing  and  coupling  method. 


23.  General  view  of  primary  overburden  excavation. 


24.  Spoil  hauled  to  waste  area  in  hoppers  by  load 
lugger  trucks. 


25.  At  approx.  124’,  41"caaing  telescoped  through 
the  47"  casing  and  advanced  to  top  of  rock. 


Toothed  bottom  section  of  casing  for  rock  seal 


28.  Hughes  Shaft  Drill  for  large  hole  drilling  -  us 
by  subcontractor  on  Phase  I  embankment  portion  of 
contract,  exclusive  of  tie-in  section. 


29.  Typical  36  roller  rock  bit  used  on  primary  rock 
excavation . 


30.  Double  wall  drill  rods  used 
circulation . 


43.  Annular  space  grout  plant  -  filled  annulus 
around  26"  casing  with  low  strength  cement- 
bentonite  grout. 


JL 


47.  Lowering  plum  bo 


48.  Plumbing  the  lin 


50.  Comparing  theoretical  center  with  plurabline  to 
measure  verticality  offset. 


52.  Measuring  between  2  primaries  to  start 
excavation. 


* 


53.  Wolf  Creek  Rig  with  array  of  excavation 
devices  -  square  (aide)  chisel  (on  rig),  biconcave 
clam  bucket  and  star  chisel  (on  ground). 


Typical 


61.  Pulling  tremie  pipe. 


62.  Centering  fins  added  to  trenie  pipe  to  improve 
conorete  quality  in  primary  elements. 


63.  Batch  plant 


64.  Completed  section  of  wall 


APPENDIX  F 


BID  SCHEDULE/ACTUAL  PERFORMANCE  COMPARISON 


Placing  6rout  8,500  C.F.  $20.00  $170,000.00  724.69  C.F.  $14  493  80 
Connections  to  6rout  Holes  400  Ea.  $8.00  $3,200.00  694  Ea.  $5  552.00 
Drilling  Exploratory  Core  Holes,  » -  -  - 
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